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APPLICATION OF PHOTON STATISTICS TO THE 
SPECIFIC HEAT OF A MONATOMIC SOLID 

Bv B. N. BISWAS 


(Kc( t'/i'Cif /(>» . 1 uf;. .\i, 19/’) 

ABSTRACT, lii llic [ircstnt paper, Ihf stati.sfic.s •)! pliotmi-s, as dcveluped the aiitlier in 
a previous papci, has Ijecn appliLi! to derive an i xpression for tlie speeilie heat of a inonaloinie 
solid, the. molecules of whirl) me endoweil with tliref degreesol freidoin. The expiession 
thus found is similar to Delwe’s expression for Ih'.' speeilie heat ol a nioiiotoinie solid. Jfxpre.s- 
sirm.s for the eiitnipy and free energy of the .soliil have also hetn wmkedjnit. 


ST'MMARV (■) I- STATISTIC'S OH PlloTONS 

Hlack radiation contained in a cliaiiiliei at any teinpCTatiivL' is nssuined to 
consist of iiliotoiis ill thermal eciiiilibrinin 'I'lie whole oi llie |»hasc sjiace re- 
presenting them ivS divided into cells of volume /r'- 

Ntimher of cells contained in the energy layers In' and /di +di) in the phase 


where V is the volume of the black chamber. 

The total number of cells to be considered in the phase sjiace vvilhin the 
energy layers h' and h{v \-dv) 

8aV-v“.dv (^\ 


iti view of polarisation. 

In this domain of the phase space, some Cells will iciiiain empty, some will 
contain one representative point, some two, and so on. 

C,. ==ntimLer of cells containing r represenlaliie points t, 2, ...) 


S/rV.v^/ 

■"dr' 


hv Av 



(3) 


The total imniber of photons rcjn'csentcd iii the saiiie phase si)acc, 






_ hr 


hr 

'hr 


hr 
_ 3 


^SnW.v^Jv ^ I 

c’ p/u'/kT _ 



i 
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rotal ainouiit of taicrgy associated vvitli photons of frequency 


L- bn-V.v^.di’ 
a 

l\iitroi>y (if iLc same pholons, 


hv 


(5) 


hv 

Hnk.yy^dv\ kf 

' “ 

I'ree entity of the same ])lu»loiis, 


“log 



( 6 ) 


r 

\ 

S '1' A T I S T 1 C A T, T H C « ) R V O If b 1’ C I h' T C fj 1>; A T 

U !'■ A M 0 N A '1' O M T C S () h 11 1 \ 

\ 

'I'he iMoleeular weight of a niojialoinu' solid contains K atoms, N being 
A\'ogadio’s imniber. Hence the system has degrees of freedom. 'I'he degree 
of fieeiloiii is defined here fiy the nuinher of independent terms contained in the 
expression for its energy. Thus the expression for the heat content of a' 
jiionatomic solid wonUl consist of 31s’ terms. In order to derive the law of parti- 
tion of energy in this case, from the principles of statistics of ])hotons, quantised 
waves in ether having been replaced by iihotons, the solid, as a whole, is assumed 
to be a continuous elastic medium in which energy is associated with two types 
of waves, longitudinal and transverse. Ifach of these two types of waves is 
assumed to be quantised. Hence it can be replaced by photons- I<ongi- 
tudinal waves of frequency r arc replaced by photons, called afterwards as 
longitudinal photons of frequency >■, each of energy /ir and momentum /o'/Ci 
where Ci, is the velocity of the longitudinal wave in the clastic solid and isequal to 
V K-t-V/p. Similarly, trausvcise waves, by photons of frequency r, called 
transverse photons, each of energy hv and moinentum hv/Cr where Ct is tlie velo- 
city of the transverse w-aves in the solid and is equal to v' h/p i K is the bulk 

modulus of elasticity and n the coefficient of rigidity and p the density of the 
medium. 

'file expression for the energy of the solid would, in the light of the assump- 
tions made above, include as many independent terms as the nninber of cells 
required in the phase space to represent all the photons in the idiase space, the 
enc'tgy ot a cell being ^cqual to the energy of jihotons, the representative jioints 
of which are enclosed by the cell. Hence their total number must be 3N. 

Tims, wN = number of cells for longitudinal photons 

+ number of cells for transverse photons 


<SirV./.'.T.r: 


log 





(») 



Appltcaiion oj Photon Statistics to the Specific Heat, etc. .i 

From (i) and the upper limit must he a ilefiuitc quantity as the 
is definite. The upper limit oliviously depends on the nature of the sul)htaiu'e 
in view of ,^N being independent of the nature of the substance, V, of course, 
stands for the volume of the solid. 


nr, 


3 


_i _ ji 

C,® 


yN 


4 ^/ 


+ -t— 

t'," c,- 


■■■ (9) 


Uner^y associated with botli types of photons of frequency r is, accordiug to (5), 


Heat content of the solid 


(-»’ q :\ 

^1. I 


fir-' 

'/n-O'T' 

f — 1 




/" 


hr' 


hi' 

,,A.T 


■dr 


^ ON r 

i',^ J 


hr ' 


liv 

hr _ 


(10) 


tip) 


( )n luitting - 'm, u e have 


li= oUT 


d'T\ p" '■r’.dc 


I. — j 


i I ta) 


, . dV „ 1, T 

~ JT V) 


X f ' 


ch’. 






..'.r '■ 

vO 


3 ' 


r -- 1 




putting 




which is the .same a.s Itebye’s exjtression ioi tlie .sjiee’ific heal of a munatomi*’ 

solid. 

From (h) and (g) we have entropy of the solid, 


/|V'* 


oN/r i r'”'i -Jtf 


oN/.' 

_ , J 

0 I 

excluding Ibc coiistaiit term, 


hv 

Tr 


/ - \) 
-raiog|i-r ''■'l'j|.dr 


(J.d 
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uNA:T T’" <•' -dc (jNfc'r* r'" , , 

n * (> 


on inakiiiK tkc same substitnlions as before. 




j-N/zr''' f ^ ' ■ 

0 '^ J Z' 




j-r 


) 






wliieh is the I'cneral expression for the eiihojn’ of the solid, cxc ludijir’ the eiajstanl 
term. 


A T'P R ( ) X 1 M A 'I' I ( J X S A T L < > W A NM > H 1 ( , II 'J' K M i' Jv R \ T I J R R S 

(j) Loa^ Ic))} l^craiui c- ■ i 

At veiy if)\\ Lcmperalnres, coiise(iuent]y e<iuatioii (\^a) assuiyes the 

followiim form : \ 


.. gN./zr" r , oN./zr'^ r .2 1 

h- ■ J , d.- J cM„R(,-r ) 




^.|;rV X./c.'l'" 

5 

cxoUkImij.' llic coii^laiU Ua iiis. 

(i/) ////;/; liiiijn nitvir- 

r>>o 

l{qnatiou assumes the following form : 


S-^ 


gN //]'=’ y'”' _ oNfcT^ j 


3 /■'■III 




e‘^. log (i — c '').(/(■ 


— 1 


T 


= .|N/>.' + 3NA' log ' 

cxclndiijg the constant term. 

Fiom (7) and (g) \vc ]ia\'e free energy of the solid 


1 


(i^r) 


(Tsd)t 


(-iN /'‘^r s / - ^r, 

— ^r,-- - / v''^. )ogl 1— (■ A-T excluding' the ctmstant term. 

«■' ^ / 

= g/v'T|~--j J K*. log (i-c ' idr. ... (13) 


= 3 N//nug( i-t- p ... ( 14 ) 


0 r -J 

which is tlie general expression for the free energy, excluding the constant teniK 

* Vide p. syif '//o’ Pn HC/ffles of Sfai isiical ilJerhaoii s, Tolman, pquntiou (137. .’^6). 

! Vide p, Tobnan, erjunl'ioii (137.37). 

:I. Fii/r p. 590, Toltnan, equation <137.34). 
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(/) l.fliv tcnit'rniluic, i.r., 'I' < < 

'I'lic ecjuatioii I13) assumes the l\)llu\viriy form : 



0“. loK (i " (■ 


).ilr 


c-xdiiiliiig the I'oii.staDl term. 

(ii) High tfiiipcritliin, i c., 

From (13) wc have 


K = (hN/>'T 



K 

' <■*. io(; < .(/< 


= ,3N/cr loK i -N/oT, 


excluding tlie constant term. 
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STUDY OF THE BAND-PASS EFFECT BY CATHODE-RAY 

OSCILLOGRAPH 

By S. W CHAKRAVAR'H 

{RcLViccd Si'ptcwbrt 

ABSTRACT, The paper rcTiiles in stiul}’ o( (he inipr>iTan( i>henntiicnoii of “ l)an(l-pas^ 
efiect " liV cathode-rny oseilloipapli inelliod devclopec’ hv the autluM" ntilidn^ Wood’s phase 
aTigle iiieasuR'tneiit. 

Aleasiireiuents wen' can led out l>ulh (HI low-pass and high-pass JilUr seetitms tenniiinted 
in stahilised negative iinpc danec ; and gain or attennalion, phase-shift angle and sign of phnse- 
shift angle of the resulting hand pass rirrangeiiient were obtained l>y oscillograph method, 

T'he method not onl; enabled the ])hasc-shift angle at diherent lrL‘<|nencies to be obtained 
w itii MiHicient acTiUTUT and i oiiiparalivc ease, but the variation ot sign of phase-shift 
angle as the fiecjneiicy alleied I'oidci he visually ohsrrved. C omparison hetwcTii this tmdhod 
and a w( ll-kuown non-osidllographie method has been made. 

The method develope d here is applicable to detenninnlioii ol gain or attenuation, phasc' 
shift angle and sign of phase -sfjjft angle of nil types of wave-hllt-r and mdwmk, 

1. TNTR OnnCTlON 

II was experimentally discovered by tlie author (lOdS) about six years ago that 
both lo\v-iiass and higli-])ass .synni/e/r/m/ filter sections of any type terminated 
in stabili/A'd negative impedances of inagniUule more or less equal to their 
inaxinnim cliaracteristie iniiieclance in tlie liansmission liaiid become ‘\-onverled 
to iinsy}}i nu t riral band-pass fillers and in addition, aniplificaliun was olitained 
over the transinilted band. Thus the two effects, namely the band-pass effect " 
and aniplificalion eflc‘Ct/' were simultaneously obtained. The liand-pass 

efit‘ct was, however, more iin[)orlaiit than the latter efiecl. I ’sc of neg;alive 
impedance of magnitude greater and less than the inaxiiinini characteristic 
impedance in the transmission band for lenniiiation purpo.se had the effect of 
adjusting gain in the Iransmissitm band, transmission band-width and sharpness 
of cut-off of the resulting band-pass arrangement. 

It has been found (Chakravarty, 1041) that the cause of the band-pass effect 
lies in {a} the nature of \nrialion of the network gain or loss of the ‘ equivalent ' 
network (formed from the original filler section and the negative impedance 
termination) with frequency and (b) the nature (jf variation of the reflection gain 
or loss between characteristic impedance of the original filter section and negative 
impedance of the termination with frequency. It ha.s further I leen found that 
the former variation contributes little to the band-pass effect whereas the latter 
variation contributes mainly to it. The nature of variation of reflection gain or 
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loss with frcsjuuncy vvhicli iiittusilk-s the “ band-pass effect ” is again largely 
title to variation of negative impedance of the tenninatiou with frequency. 

The present paper aid.se out of the desire to examine the “ band-pass 
effect ” by an entirely diffcicnt method — by observing patteru.s on the screen 
of eathode-ray oscillograph and measuring various lengths and angles thereon. 
It has been possible by the oscillographic method developed to determine 
attenuation or gain, angle of phase-shift and sign tff the angle of phase-shift at 
various Irequencies for the resulting band-pa.ss arrraugement. both low-pass 
and high-pass synnnetrical filler sections have been considered. Advantages, 
and disadvantages of this oscillographic method over other methods have been 
fully discussed. 


j i A r n i) I) K - K A V o s o I L I, () t; k A p H mpthou 

The diagram of Lounections for study of the band-])ass effect by a calhode- 
rav oscillograpli of Standard IVlejdioues iind Caliles Co.’s make is sho\Vn in 
Figs. i((() and i((i). Fig. i(ii) shows the beat-frequency audio-oscillator (model 
70 1), nianufactnred by Clough Hrengle Co.) feeding into a low-pass fiiter 
sectioii terminated in a slabdi/.ed negative inqtedance a.s reeit ns the connections 
from Ihe input and output tenuiuals of the filler section to the plates of the 
oscillogiitph 


i'.‘ uMaiAton 



Fig. I 


1 he plate-to-piate caiiacitance (for each pair of plates of the cathode-ray 
oscillograph) is 10 to 12/i/rF and its impedance at 1 Kc/s is 15 8 to 13.2 
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luegolaius re.s])LCtivc!y shnutiiij^ the input and output iinpedanres of the filter, 
Ihe anodc-filaiueiil eaparitauce of tlie AC/SC tuliu logcllKU- with stray capaci- 
tances in i>arallel and choke inductance both shunting the negative resislaxicc 
arc about 50 /xa F and 40 H respectively and their impedance at i Kc/s is 
iheiefore 3.2 and 0.25 nicgohnis respecliv\ly. A high resistance has to be 
connected across each pair of i>lates foi steadying or stabilizing piniiose and 
has to l)e of such value that the j>ositive and negative impedances connected 
across input and outpul terminals of the liUei section respectively arc not 
appreciably altered, A resistance of 5 megohms has been used. vSvvittdics 
Si and Sn enable one to examine only either input or output as desired. 

big. i(h) shows the eiraiit of the oscillograph with various controls, 
designed for the experiment. 

C asr /. When — effective input voltage (to vertical deflector plates) and 
Vjj = effective outiJiU voltage (to horizontal deflector plates), and Vj and Vj 
aie of the same idiUvSc (or., tJieie is no phase-shift in transmission through the 
filler section). 

At first only Vj is applied across the veitical deflector plates and 
length of tia(X‘ lueasuied in cms. Then only is applied across the horizontal 
deflector jdates and length of trace obtained in cms. Subserjueiilly) the two 
voltage.s with no phase-shift between them aptdied simultaneously across their 
respective plates will give the resiillant — a straight line of length V/J4/S 
diagonally across the screen at an angle cx (to the horizontal) given by 

tan " ' ' 

Measiirem* lit of the lengths of tiaces /, and (in cnis.) eorrespoiuling to 
2V1 and respectively or of the angle cx w ill give the atteiuiatirm or gain 
directly. If the length of trace in vertical or horizontal direct ion i.s directly 
proijc^rlional to \'f)Uage at all frequencies and the conslanl of laoixat ionality 
same f(n' both directions at all freqnciicies, attenuation 01 gain can lx* obtained 
in decibels directly from the ratio of lengths. If not, voltages corresponding 
to lengths have to be obtained from calibration curves. 

Case II. When Vj and Va differ in phase. 

In this case also, Vi and V3 are first ai»i»lied separately to the re.spective 
pairs of plates of the cathode-iay oscillograph and lengths of traces are measured 
in cms. to obtain attemialion or gain in decibels as 20 log,o 

Furthci, when both Vi and Vo are applied simultaneously, an elliptical 
trace wdiose dimensions depend upon the i)hase angle of Vj and Vo and their 
relative values is obtained. 

The phase angle is obtaiiicd directly fioin lengths of traces due to Vj 
and Va on screen, (?.r., /j/2 and respectively) as well as from the major and 
minor axes of the ellipse. If is the ijhase-shift between the voltages, 

3— lit 55?— I 
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then '/'-sin" ^Wu<Kl)*'’’ = siii”' , 

^iViVa IJ2 

where a — major axis of the clHi^se, and b — minor axis of the ellipse. 

When frequencies hij’her than o.q to 0.5 Mc/s are involved in wave-filters, 
direct application of Vi and Vo to the respective pairs of plates is not desirable. 
Vi and V2 arc then ai)plied to two exactly similar super-heterodyne amplifiers 
(consist iim of hi^li-frequeiicy amplifier, mixer and intermediate-frequency 
amplifier sla.i>es) with the same local oscillator giving same gain and phase-shift 
and the corresponding 1. 1", voltages V'l and V'o are applied to the respective 
pairs or jdales of tlie oscillograph. It is necessary in this case to have linear 
relation between r.f. input voltage to super-heterodyne system and i.f. output 
voltage as well as between i.f. output voltage and deflection in cms.' on the 
screen of the oscillograph. \ 

At high frequencies, direct application of V, and to the plates 'causes 
instability and loss by radiation and does not give linear relation between voltage 
applied and deflection on the screen. '' 

At veiy high frequencies, in addition, the dilTeience in distance between the 
deflector plates introduces an error in the phase angle measurement due to 
‘‘Tlollmann Phase liffoct (Hollman, 1933). The lime of flight of the 
electron being (f/ (where (/ = axial interplate distance and velocity of the 


heam), the phase angle is </>± 


V ‘ 


The method evolved here is convenient for finding out gain or attenuation, 
jjhase-shift angle, .sign of i)liase-shift angle, etc., at various frequencies for any 
network or filter section. The advantages and disadvantages of this method are 
discussed in section 5. 


3 . L ( ) W-l* A S vS F I L T K R 'i' H R ]\I 1 N A T U D I N S T A H I T. 1 S F D 
N K 0 A 1' I V F I M V F n A N C F IC h It M F N T 

A low-pass Il-type filler section (total seiies inductaiiLc — 100 mH and total 
shunt capacitance = 0.5 /xF) of nominal characteristic impedance 450 ohms and 
cut-olT frequency 1500 c. p. s. was teniiinatcd by a negative impedance of magni- 
tude nearly same as the nominal characlctislic impedance obtained from AC/Sd 
screen-grid tube under secondary emission condition. 

Table I gives the results of observation on the traces on the scieen of cathode- 
ray oscillograph. Negative sign in column under * gain or attenuation ' (Table I) 
signifies gain. , 

It u’ill be seen from Table 1 that for first five frequencies (marked with 
asterisks) the pattern on combining voltage lias been observed to be a straight line 
signifying that there is no phase-shift inlioduced in iiansinissiun at those frequen- 
cies. Tlic length of the straight line is almost equal to (where /] and 

are in cms.). 

* \\ and Vg in the equation stand for eor responding lengths of traces due to them. 
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Fig, 2 Miows ll]c attcmialiou or gain and idiasc-sbifl will) fruiueiicy of llie 
band-pass anangtineiit. The cut-off frequencies are 500 to looo c. p. s. The 
pha.se -shift 0 varies linearly uith frequency over the transmission band of the 
band-pass arrangenieul. 

As the frequency is altered from 50 c. p. s. to 8000 c. p. s., the pattern on the 
screen of cathode- ray oscillograph undergoes remarhable variation. TJp to 300 
c. p. s., the pattern appears to the eye to lx; a straight line which may be a much 
elongated ellipse in which the minor axis has been negligibly small. At 400 
c. p. .s. and near about the ellipse is an elongated one with major axis at 40“ to 
the horizontal. As frequency increases up to 1000 c. p. s. and near about, the 
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ellipse hroaLlciis out ^laclually with major axis making larger and larger angle 
With the hoiizontal. SubsecjLieutly, after 2000 c. p, s, the broadening decreases, 
the ellii>se getting thinner and thinner and the major axis makes angles larger 
than go ’ with the horizontal so as to rotate itself to the second quadrant. 



As the i)luise angle f between the voltages increases, the ellipse becomes 
broader ; and as <l> decreases it becomes narrower. The rotation of ellipse will 
depend upon the sign of the phase-angle with variation of frerpcncy {i.c.l the 
phase-angle may be ' lagging ’ at some frequencies and ‘ leading ’ at others). 

It \^•ill be seen that within the transmission band (500-1000 c. p. s ) 
0 increases linearly with frequency but remains same with regard to sign 
(i.c., ellipse is not rotated). 

1 . HI c; II -PASS P' lb TICK T IvR M IN AT KD IK S T A tU b 1 S 15 I) 

N E G A 'I' I V 15 I M P J5 D A N C K 15 Tv 15 M 15 N 'J' 

A high-pass H-type filter section (total series capacitance” o’o75 /‘T £iud total 
shunt inductance = 50 mil) of nominal characteristic impedance 814 ohms and cut- 
off frequency about 1.530 c. p. s. was terminated by a negative impedance of 
814 ohms obtained in a similar manner as before. 

Table II gi\’es the results of observation on the traces on the screen of cathode 
ray osciilograph. Negative sign in column under gain or attenuation (Table II) 
signifies gain. 

It will be seen from Table II that for four frequencies (marked with asterisk) 
it is likely that the pattern is much elongated ellipse with negligibly small minor 
axi.s appearing to be a straight line since the length of the line is < V i? + 1 % . 

Fig. 3 shows the attenuation or gain and phase shift with frequency of 
the band-pass arrangement. The cut-off frequencies are 2150 and 4000 c. p. s. 
Since the sign of <p in the transmission band is negative (as explained below), 
if) plotted on negative scale will show a linear variation with frequency over the 
transmission band. 
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Here i\ho as the frequency ib altered the i)aUerii on Ilje screen of catliude 
lay oscilloi^japli undergoes remarkable \'ariatiou. (Jj increases willi frequency 
and lias tlic same sign up to 2000 c. p. s. and near about. Thereafter f/^ decreases 
and also cliaiiges in sign, fy however, has the same sign within the trans- 
riiissioii band. 


5 . DISCUSSION ON M JC A S V k 1C JM P, N T S IJ V A T JI O I) Iv - 

k A Y O 8 C I J, h O O R A P Jl I C M 1C T II O 7) 

# 

rile oscillographic method employed here utilizes the method of phase-angle 
detei iiiinalion evolved by Wood(io3':j), and is capable of giving gain or attenuation 
as well as iihase-angle and its sign with sufficient aecuracy botli over low and high 
frequency ranges. 

Another cathode ray oscillograph method which might lune proved suitable 
for the purj)o5e was developed h}^ b'. de la C. Chard (1038), for measuring gain or 
atLeiiuation as well as phase angle. It siifiers from several disadvantages 
as follows 

(1) It requires two pairs of magnetic deflection coils with a number of 
accessories ; (2) the mutual inductance between deflection coils causes inaccuracy 
specially at higher frequencies; (3) there is also liability of loss by radiation 
from coils at higli frequencies; (4) to find out whether current in coil B say 
leads or lags that in coil A (that is» to find out the sign of phase-angle) the 
direction of rotation of the calhode-ray beam has to be observed by viewing 
the tube screen through a stroboscopic disc (requiring an induction motor 
rotating a singlc-holeil disc at 1470 r.p.m.) ; and (5) further the cathode-ray tube 
should not be of the type which gives a long-sustained afterglow. 

The noii-oscillographic method developed by Messrs. Hinton, Kendall and 
White (1920), for measurement of phase-sliift angle is capable of giving both 
gain or attenuation as well as phase-shift angle but requires a special type of 
transformer, tw’o exactly siniilar linear amplifiers, a third linear amplifier for 
combined voltages and a califcualed thermionic voltmeter. For higlicr frequencies 
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j>ood balancing and great deal ol care iii ciraiit design are iiecessaiy. if only 
gain or attenuation is desired but not ilie phase-shift angle, ineasnremenl 
requires only a calibrated Ihennionic voltmetei . 

'Fable 111 shows the results of observaliou on tlie same high-pass filter 
dotal series capacitance -“0.25 //F and total shunt inductance ”150 mil; 
nominal characteristic impedance =770 ohms and cul-oh frequency “^.:|oo c. p, s.) 
Icnuinated by “-70(1 ohms (negative impedance) ])y oscillographic method 
employed licre as well as noii-oscillograi^hic method of Messrs. Hinton, Kendall 
and While, d'he negative sign in Table III signilies gain. 
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It will be seen from Table III tliat there is some discrepancy between gam 
or attenuation measureinenis by the two methods and tliat the non-oseillographic 
nietlKxl gives larger gain and better sharpness of cut-od. Further a closer 
agreement between phase-shift angles measured by the two diffeient melliods 
will be observed. 

By comparing the two methods it will be seen that in oscillographic method 
both gain and phase-shift can be determined from /owr observations per frequemy 
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whereas in the nictliocl developed \)y Messrs. Hinton, Rcndall and White (1039) 
l)Oth gain and phase-shift can be obtained from //nee observations per frequency 
but a larger nuinlx;r of e(jui])mcnts (some of special features) as stated above as 
well as skilful manipulation are necessary. The oscillographic method gives 
one a visual picture as to how the ellii*sc undergoc.s alteration in shape f/.c., 
broadens out or narrows down) as phase-shift angle increases or decreases with 
frequency and as to how the ellii)sc rotates as the sign of ^ changes with 
variation of fre(]nciicy. Thus the oscillographic method has disliJicl advantage 
over the other method at least regarding the examination of the i)hase-shift 
problem. 

'J'he disadvantages of the oscillogi'aphic method are as follows: — 

1. Measurement of lengths of traces on the cathode-ray OvScillograph screen 
is liable to inaccmacy. By means of two adjusters the thickness of dines on 
the screen can be reduced to less than 0.6 nun. and the whole lengrh can Tie 
brought to equally good brilliancy. As tlic ellipse becomes more aqd more 
elongated, measurement of minor axis is liable to introduce great error. R^easure- 
ment of voltages by thermionic voltmeter for gain or attenuation and phase 
determinations can give better accuracy. 

It \^ ^ll be seen that if frequency band involved is large, direct dctcr- 
rnination of attenuation or gain and phase-angle from lengths ineasurccl on the 
screen of cathode-ray oscillograph is liable to error for reasons discussed below\ 
The u'idc band difficnlly is involved in case of high-pass filter terminated in 
stabilised negative impedance. 

'I'lic length of the trace (vertical or horizontal) may not lie directly pro- 
portional to the a.c. voltage impressed across the jilatcs for all voltages over 
the frct]tieiicy range involved and tlic constant of proportionality may not be 
the same fur traces in vertical and horizontal diicctions. 

An experiiuenl has been carried out to test the relation between length of 
trace and voltage impressed across the plates for the S. T, C. Co.’s cathode-ray 
oscillograph (Type 4050A' — filament current =0 qA, anode voltage —350V, 
and shield voltage = 25V with respect to filament) used at 1000 and 8000 c. p. s. 
Table JV shows the results of the experiment. 

Taiu^e IV 


Frequency loooc. p. s. 

Freciueiicv 8000 c. p. s. 


W'ltical 

« 

i ITori/onlal | 

1 

Vertical 

Horizontal 

Impressed 

liefle^'li.m 1 

i 

Impressed 

Defleetioli 

Impressed 

Ileflcetion 

Impressed 

Deflection 

volt.*- 

eins. 1 

[ \oU.s 

enis. 

volts 

ems. 

volts 

cms. 

1 

31 

I .U 

3-3 

I.O 

3.9 

1.0 

3-6 

1.0 

6.6 

^.0 

7-1 

3-0 

6.4 

2.0 

7-4 

2.0 

9-9 

30 

io’6 

3-0 

9 -S 1 

3.0 


3-0 

I 3'2 

4.0 

14 0 

4.0 

13-3 1 

4.0 

U.s 

4.0 

16.4 

5-0 

17.4 

3-0 

17.0 I 

3.0 

18.7 

5*0 



Study oj the Band-pass hffed by Cathode Tuy Oscillograph 17 

It will be seen from Table IV that the variation is more or less linear in all 
cases but slight discrepancies occur in the ^'ariation for two directions as well 
as at different frequencies. 
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PROPAGATION OF ELASTIC WAVES rHROUGH 
ELECTROLYTIC SOI.UTIONS* 

By a. K. DUriA 

AND 

B. B. GlkXSH 

till /^fthlti nh(tn, Ot fi)hr? /, /v^;) 

ABBTRACT I'Ik cIkhiil'i nl M-Tnih aixl Iu-ik.t Hit t'liritigc of roinpiossihilits 

of dillfreiit clcctrolvlio aolultfiu^ with rom eul ration have h(en aiuclicd t»v im.wiuns w'orlo r.H' 
ftoni thi- staiidjKnut 'd Die ionic thc.ov' t)l Hit v have so far ohscrverl ouJy n list* of 

suporMjnif' volfidty \villj ('oncciitnUiun and hav(' explained minor ehaiat'(eri‘ilicH ol the einvc. 
It has lieen shown here that lieavy .dkali lialides sh(»w at hrst a decrease of veloeitv will i 
cojuenlratio]! and then an increase of \elodtA\ Tins elticl is i iihaneed at hi|jhe) tcnipi ratuies. 
Inasmnefi as this l>eha\'iour is r>f oppfisite naliue 1o the giaujal hehavimn of Ihi- tdlui 
eleclrcdyles, the ( (.nipressihilitx 'Cunceiilraiion relationship I)eais a close lidnlionsljip willi tli 
viscosity- i’oiiceniration relationship, 'rin se similarities havt‘ heeji eritii ally iM)nsideivd 


'J'wo papers ou the variation of supersonic velocity with the concentration 
of electrolytic solutions have drawn some attention. One of them by S/,ulay ' 
gives measurements of supersonic velocity on LiCl, NaCl, KCl, ICBr, LijvSO^, 
MgS 04 , ZnSO^, CdvSO^ and AhifSO^lu. He has observed that the velocity 
increases with the concentration linearly. 'Ok rale of increase of velocity seemed 
to have no relationshii.* with the valency of the ions. Considering the respective 
densities lie observed that the compressibility decreases with the concentration 
in electrolytes. He has, however, tried to show that the percentage decrease of 
compressibility at any concentration falls within definite ranges according to 
the concentration and the ionic valency. 

b'alkeuhagen and Bacheni'"* have tried to show in another paper the relation- 
ship of the variation of compressibility with conceutration fioni the sland- 
lioint of the ionic theory of Debye and Balkcuhagen. Broni the ex|)cri- 
mental data ou the variation of supersonic velocity with conceutration and the 
densities at the corresponding concentrations, they worked out the compressi- 
bilities of different salts at different conceulratious and plotted the respective 
curves. These curves .show a slight inclination towards tlic axis, 'fhus the 
curves are of the type /5’==/io + A 'C + B'C-o'' where A' is large and negative and 
IB is of a smaller order and positive. In e.ssencc, b'alkenhageu and Baedieiii have 
compared the coefficieut B' with a constant derived from the ionic theory, tlie 


Coimminirati cl by Hk^ liidiaji Dlivsinil \ . 
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larger ooefEcient A', which determines the general slope of the curves has been 
left out of consideration. The basis of cotiiparison in Falkeuhageu and Bachem’s 
work is as follows : — 


I'lie apparent molar compressibility of a solution can be determined 
when the concentration, the densities and compressibilities of the solvent and 
the solution are known. Thus the at>paj'ciit molar coni|»rcssibiIitv is given b}' 
the lelationship 




where \ and V j 
of moles dissolved, 

or 


aie the voiiiines ol sojulioii and solvent and 


0(/>2i 




”2 

where fi and are the compressibilities of liie solution and solvent, 


is the number 


or 


^p{kf 


) = ft 1 ( 


M. 


where Mi is the molai wt. of the solute. Hence knowing /i, fti, d, di, c, 

can be experimentally determined and a graph against c or \/ c can 

be drawn. 

Now, (p(k\ 2 ^ is related with the partial molar compressibility kfi which varies 
with the concentration according to a definite law determined by the ionic theory 
of Debye and Falkenhagen. 


Thus /cji, the partial molar compressiI)ility 

_ Q QV 9 I 

^”2^ 0p 9?Z2 

since and V] conespondiiig to the solvent arc constants. 


ono 




or A’ 2 ” /C2) “k 

dfiii 

nc 

If k^ is of the louii aH” z;/ \/r = a \^^bs/ it can be also written as 

^ b ~ h 

k2 = <i+bs/c ^ c. ={avbs/c ) + c.^ (a + hv'e), 

2 s/ C be ^ 

Comparing the two equation for thus obtained one gets, 
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according to loiiir theoiy, ais .for oaii l)c obtamed in iJie (otnii 

«/’ U? T-i 


where- the second term is comjiaiul nitli the third, sn ili,,i is roujihly 

of the form k^ — a-f ni , wluii.' in i^ the (onstaiil I'liuii (hr ionic Uieory 
and ciui he calcnlaled wlicn the valency ol tlic electrolyte is Unovu 'This value 
of in deiivcd from tin ionic tlicoiy can lie coniparod with the oodTicienl 
(3 ,>) h in the equation foi partial cou:|>iessihili1y, \\ here h is ohiained from the 
.i-raph of apparent molar eompressihility drawn afjainst \/c. 


ill the results calculated by 1 'an<enhafc;i. ii and 
the same ordci. Ihil as llaehcm * poinls out in a later 
the same valency does nol remain constant as demanded 
However, since 'Tr .v, 


Haclicm, Uit,* values arc of 
paper, tlif oucfficient of 
by theory- 


U o 


it is apparent tluit ill the relationship = K VC -f tlie coefFioient A' is 

composed of the coefficient 'a in the equation for apparent molar compressibility 
and the coefficient IV is composed of the coeflici. nt ‘fi’ in the former equation. 
As we have mentioned previously that in liic equation for comi)ressibility A' is 
large and of a higher order than B\ we compair by the method of Falkeuhageii 
and Bacliem a secondary effect on tlie course of ihe compressibility curve, and 
the general nature of tlie variation of compressibility with concentration lemains 
beyond the scope of the ionic theory alone. Tins leiiiaiiis yet an open problem. 

It was considered by us that the compressibiilly of a liquid medium or a 
solution would be dependent on tin* intcrmolcM ular cohesive force existing in 
the medium and this cliaract crises as well the visc osity of the medium. Thus 
some short of interde})endeiice was expected 1^ us between the c'omiaessibilily 
and the viscosity of the solutirm In the case of ( lectrolytic solutions it is well 
known that with rnosi clecliolyles tlie rdatixe x'iscosity of the solution 
(compared to water) increases ’wa’th conce nt ration^ and the viscosity is alw'ays 
gi eater tlian that of the solvent, whereas in the case of some electrolytes, 
specially, uitll the heavy-molecule alkali lialides, the relative viscosity at 
first decreases and then increases with concenlialion and the viscosily of the 
solution is very fiften lower than tlie viscosity of water. Tt was, therefore, 
expected that although the conipressilnlity of most r)f the electrolytes decreases 
with concentration, z.c., the velocity increases with ct)iicenlratioij, some heavy 
alkali halide solution miglit show* a decrease of velocity with coiicenlralion 
and thus perhaps an increase of compressibility with concentration. It should 
be noted in this connection that the variation of density with concentration is 
quite regular without having any maximum or miuimuni for all the electrolytes* 
Hence the >shape of the compressibility curves is determined primarily by 
the shape of the velocity curves. With this view wx* have measured the 
velocity of supersonic waves in some electrolytic solutions wdiicli show abnormal 
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viscosity and have taken our lUcaMncuicuts al dift'creni IcinpcraUnes. ll will 
l>c evident idoni tlie j^oaphs ol lelative velucits' againsl concentration, that these 
solutions sl]o\\ abuonnal hehuviour with reiLiard to tlie velocity as well, altliou^^h 
under not exnclly Die same condition of teiuperalure and conceiilralion. 



1 Fjg. la 



Vu;. 2 

Im^s. I and ui sliow the relative \elocity of supersonic waves in 
electrolytes as obtained l)y vS/.alay and by Falkenhagen and Bachein. In Fig. 2 
tile relative velocity iA supersonic waves in particular electrolytes selected 
l)y us for their abiiQii-inal viscosity curve have been plotted. They show a 
decrease of velocity with concentration at the lower concentration ranges and 
then an increase of velocity. In all other electrolytes so far studied by other 
workers this peculiarity has not been noted. Further, the course of the 
velocity-concentration graph clianges appreciably at different temperatures. 
The decrease of relative velocity with concentration, which may be considered 
as abnormal, ih enlianced at higher temperatures. These are shown in 
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graphic 3, 3a, 36. U will be heeii, for example, with KI at higher tempera- 
tures, that the compressibility is very much iucreased compatvd to that of 



watei. Our ideas up to the present wcie that the coiiipi essibility always 
decreases when an electrolyte is dissolved in water, The finding is thus 
corroboratory to the idea obtained from the study of relative' viscosity 
concentration curves that electrolytes fall into two distinct groui)S according as 
they increase or tend to decrease the viscosity of water ^^’l]eu dissolved. The 
variation with Icinperature of the relative viscosity-concentration curves are 
drawn in Fig. 4, for comparison, from which it will be apparent that there is 
a peculiar difference in the t\\ o classes of electrolytes both from the stand- 
point of viscosity and the velocity of elastic u a\'es. ( )ther w^orkers have so 
far failed to note this peculiarity. 
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It IN iuterestiijj’ to note tlial at a higher tempevaturL' the percentage- 
variation of velocity of hotli K1 and MgSt),,, the two lyihcal cases, decreases. 
This iudic'ates a decrease of cohcsional force between the coiiiponerils of the 
solution at a higher temperature and one would expect a decrease of relative 
viscosity as well with tlie rise of lempcraluie. But whereas* MgSO^ slio^vs 
the decrease ill relative vist'osily, K1 shows an incicase of relative viscosity 
with the rise of lenipernture. vSinee tins increase of viscosity in the case 
of K1 is not due to the increase of eohesional force belw^een the components 
as proved by a decrease of lelative velocity, /.c., an iueiease o1 relative compressi- 
bility with leHU>cratuje, one is almost forced to the conclusion that vvitli 
KI type of mokvules, the dimension of eacli moving component increases 
with temp., /.c., the KI molecules attach more water niolecnles around the 
ions as the lemperalure in reascs. This becomes plausilde in view of the 
fact that at thehigliei temperatuie, the assoriatiem in water breaks up more easily 
or is already broken np and tlms waiter molecule can be attached to tlie KI ions in, 
solution. The idea oi attaclnnenl of water molecules to heavy alkali halide 
ions was also suggested In Prins"’ when working on X-rays of electro- 
lytic solutions. 1'hc idea fits in witli tlic finding that ilie coni])ressibilily 
in KI is grcatei than tliai of pure water as against Ihe general beliavioiir 
of other group of electrolytes and further that tlie increiise of ('ompressibilily 
is more pronounced IhtMnghei the teini»erature. 

'The relationsliips broiiglit forth in the above work call for a diversion 
of procedure in tackling \viih the compressibility oi electrolytic solutions. 
So far, altempls have been made to look into the compressibility data from 
the ionic standpoint. But can work reveals that coiiitn'cssibility of electro- 
lytic solutions might be better understood if we look into it from an angle 
froiti w^hich viscosity of tlie solution might as well be viewed. This requires 
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a belter underslandiiig of the i)heuonieiiou of viscosity of solutions. Atteinpls 
arc being carried out in this direction. 

( )nr thanks are due to JVof. 1). M. hose, Direolur, fot liis kijid interest 
in the woik. 
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ON THE NATURE OF THE LATEN'F IMAGES FORMED 
IN PHOTOGRAPHIC EMULSIONS DUE TO LIGHT 
ABSORPTION AND TO THE PASSAGE OF 
IONISING PARTICLES^ 

By D. M. BOSI-: 

(Ncu’/i'Ci/ fiU‘ iofi, (h'fobci i, 

ABSTRACT. Tn iliis iioju’r a coiuparison is madi' lu'lwo^n IIjc iiurlianisni ol laitMit 
image fortiitilioii in ,si]>er balidc grains prt.seiil in pliotngiapliir eiiiulsioiis ]>y jditilun^^ (nid I>v 
icnising partides. Il Is shown that hi thr fonner the adimi o1 light proards from the siirfan 
of the grain^ iiiwaifls, ^^hik* the energy transferred hy ifaiising pailtdes a vnlmntM'tled, 
starting the process of latent image f.>nnalinii fnmi inside tn iJie surtae( of silvej halicK 
grains. Tims Hie one favo\iis the formation ol siirlaee and other of internal latent iinai'i s. 
loom this ditlcvenee some (T Hit' oh.served difierenees in the aetitai of jdiotons and ionising 
partieles eaii ht esplained, e/ ,., enudsions with large grained partielcs will he more sensili\e (/i 
[ilirdons tlian thosiMvith line grained paiti<de.s and 47< r v* uta for ionising paiTiehs. l-Vi the 
sainr transi'erein'c' of energy I)n ])hotoi)s and ionising pai tides to dhei lialide grains, the 
foniier will he more efieetive Tlie rde rd optical de.sensilisois in inereasine Hit si )isi(i\ ontss 
of fine grainerl eiimlsion to tlie action of ionising parlit les is alio diseu.s.sed. 

An aeroiint is given of the lliCfaetii'a! ilediietinn of II and!) curve In W'dT, s^hleh is 
based upon the nssnmptioTi that the photogrnjihic < miilsion etaitains sihet ladide giains with 
different degrees of photon sensitivene.ss. 

Kxperinientnl e\ idenee is diseussed wind) shows (hat simiha \aiiatioji m stjisiti\ eiiess to 
the aeitoii of ionising partides cxist.s in silvci halide grains in photographic t miilsioiiB. 
theoretical li and 1) eiirve is tlcdiuxtl for the atliuii of ionising jinrtidesnnd i.s eoinpnred witli ati 
t sperimental cuiwt' drawn Jm Ilford Jhdltom* idatts isiiitaining liai‘ks ol pi»‘'lons and a parlielc's 
of different energies. 


I N T R O 1) C T M) N 

It is vvcli-kiiuwTi tluil a l»Iu)l(jgrai)lii< piate cunsjsls ui an enuilsit3n uf silvui 
lialidc crystals in a (ilui of gelatine. W'lien such a plate is exposed to a light 
source of siiitalde wave-lenglli, some ol ilie silver lialide ciyslals almoihing llie 
light radiation become develoiiable, /.c., nndei the action of developers tlie affected 
silver halide grains are lediieed 1o silver, whicli is deposited in tlie l(aTTi of 
black grains. It is supposed that a latent image lias been formed on the p}ioU> 
graphic plate which is acted upon by developing solutions. J.arge numbers 
of investigations have lieen directed towards elucidating tlie iiatin e of the latent 
image formed due to light-absorption* Another subject u hid i lias been recently 
much discussed and whicli has an iniportanl bearing on onr iircsent review is 
the question of the sensitiveness of the photographic emulsion. If the different 
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is 

strips of a photographic film art* exposed to a light source of constant intensity 
but the time of exposure is increased in a geometric progression, the plate, when 
developed, w'ill show patches of dilTerent degrees of blackness or opacity. A 
curve is then drawn giving a relation betw'cen the density of deposit as function 
of the total rpiantity of light incident, II. Such a curve is known as H and D 
curve, W'hich is a measure of the light sensitivity of tJie given film. Attempts 
have been made to intetpret theoretically the dej)cndeucc of the density of 
deposit in the exiiosed film on the integrated light intensity. Such interpretation 
can be made on two difTercnt assumptions: (u) the silver halide grains are all 
of the .same sensitiveness, and (b) the different giains have different light sensitive- 
ness, i.r., they requite the al)sorption of different numbers of photons to become 
developable . i 

fyateut images are also formed in such films under the action of ibnising 
particles. Investigations have been niidertaken to find out how far the 
Reciprocity law holds good under such conditions. VV’e are, however, \ more 
interested in studying the density of deposit of silver grains along the tiabks of 
some of the ionising jiarticles like a-parlicles, protons, and detilerons. It has 
been foimd that not all photographic enuilsions are suitable for iceoi ding the 
tracks of ionising particles. Some like Ilford K, plates lecord only tlie tracks 
of a-particles, others like Ilford R2 record, in addition, the tracks of protons and 
deuteron.s, while third kind Ilford New Halftone plates records, in addition, 
tracks of mesotrons. It is further fonml that fast jilales are net suited, foi this 
type of work, Init on the other hand fine grained slow plates with large giadation 
like process plates and halftone plates are more suited. Further, it has been 
noted that the sensitiveness of plates like Imperial Proce.ss and Ilford to 
protons is considerably incrca.scd l>y bathing these ]»lates in a dilute solution of 
pinakryihol yellow which is known to act as de.sensitisor of plates to the action 
of light. Another result has been obtained by the action of ionising jiarticles 
on photograpliic emulsion which has a direct bearing on the (|iiestiou of the 
variability in the sensitiveness of silver halide grains in photographic emulsions. 
Thus, wdiilc it is found tlial tlie mimher of silver grains deposited per unit 
length of ionising (racks of a-iiarticlcs is iiidei)endeiit of the energy of the 
a-particle (Tli C' MV', I’o 5.40 MV), the number is found to be dependent on 
cnvrgy of protons and jyjesolrons. In the latter case it is found that within 
the certain energy-range the mean grain numl)er is inversely proportional to 
the energy of jnoton jiarlicles. (Chowdhuri, 1041.) It is the purpose of the 
present paper to make a conijiarative study of the nature of the latent images 
formed under the aefion of light-absorption and of ionising particles. Further, 
the question will also lie discussed in light of results obtained with photons and 
with ionising jiai tides as to the variability in sensitiveness of silver halide 
grains. 

The subject will be treated as follows : — 

A — Latent image due to photon absorption : 

'1- 1 — ^TMott and (' urney ’s theory ; 
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^2~Surface axid iiitcrnal latent imaji.ies and cdieinical mellads of dis- 
tinguishiji^ beUveen them , 

§3 — Distribution of seusilivily amongst silver halide grams ; 

: 4— Webb's Ibeoreticai dedueiiun of M and ]> emves. 

B_. I/atent ijiiage due to the action of iuiiising i)articles ; 

: 5— KnerKv Inuisfer to silver halide grains by i<niising paiticlcs . 

(V - Kvidenoe on the variability of seiisitiveness amongst sihvi lialide grains 
rendered developable by ionising })articles ; 

^ 7 — 'riieoretical dednetion of the H and D lau vc hvr ionisine iniilic’ks ami 

"X,. eomiiarison w illi experimental result: 

A 

Tlu'oty iniaiic due a/es(o/W/<oj WIu n light isincidenl 

on silver halide grains, absnrpli<m starts lr<jn! Llie outei luanulary sin face 
of the halide grain and proceeels inwards. According ti» tlie plioloelieniical 
ecinivalence law, each photon absorbcil will (h c<anposc one nirdeculc of AgHr. 
'Idle absoiption lakL-s jdace in the Hi ion which leads to tlie release ol the valence 
electron. Accoiding to the theory of (lurneyaiid Moll (103:0 this released 
election will be raised to liic comhict ion level oi tlie v\gHr crystal, vvherc it is 
free to move about until it conics to the surface of tlrj ciyslal and gets trapiied 
on a so-called ‘sensitive spot.' ICach grain can have one or more sensitive 
si»ols W'hich are supposed l<» be minute specks of -ilver sulphide, on which a 
trace of silvei metal may have been deposited (hiring the process of ripening. 
The coiiceiiti ation of a few sncli leleased elections on a ^^eiisilive spot jiioduees 
a strong local hs-ld in which sonic of the Ag' in the cryslal grain move up 
and are deposited as silvci atonm. Tliis is tlie mechanism of the fouiialion of 
latent image under light-alisorption. Idle (luestiou as to the number of light 
quanta recjuired to be absorlieci before a latLUt imag^- Ixcoines de\\h>]jable will 
be discussed later. 

When such an exposed pilate is acted upon )>y a (le\'( loper, tlie latter begins 
to act on tile surface at tlie interface between the silver lialldc grain and the 
gelatine, tlie leduclion spieading llirough the mass of the grain. It is supposed 
that the latent image acts as a lielerogenc ous catalyst which sei \ i-s to distinguish 
between exposed and uiiexi»nhed grains. 

v^o far we have considered only latent images formed on the iiilerfaet' 
of the silvei' halidt graiiis. Reccni invcsligalion.s have slnovn iJiat \u'lli 
increasing light iiilensily, latent iinag.es can also be formed inside silver halide 
grains. Jt is not possible by using normal developers in distinguish be tween 
surface and inner latent images. The technique which has been used by Herg, 
ISIarriage and sStevens (1941) f<H' this purpc»se is as bdlow.:^ :■ 

(a) For surface latent image — Dse a developer which cxmlains as tar as 
possible? no alkali halide solvent, such as a glycine developer. With such a 
developer only tlie surface latent image is developed. 
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(^) For iiiiK’r latent imait/e-" First UvSe a l>luachcr to dissolve away only the 
sur facL' latent image. This bleacher should not contain a silver halide solvent, 
best results are obtained by using a solution of potassium bichromate in dilute 
sulphuric acid. 

It is pr(jbablc that a desensitisor like pinakryptol yellow acts as an oxidiser 
and bleaches the surface latent image. 

An inUTual developer solution is 'made up, wliich contains a silver halide 
solvent in such concentration that the surface* of llie silver halide grain is 
etcJied away, ex])Osing gradually the internal latent image wliich is then reduced 
l)y the developing solution. 

With such a pair of developers, the relative concentration of surface and 
uUernal latent images as function of the intensity of exposure has ))eeii| studied. 
It is found that the concentration of the internal to the surface latent image 
increases with the intensity of exposure. \ 

( )rdinary commercial developers usualJv contain sodium sulphite vvliiVIi is a 
silver halide solvent and with such developers it is not possible to distiiignish 
betw een internal and external latent images. 

"3. Scnsitivily oj silvc) halidr grains la liglil cxl'^osnii .’—It is known iruiii 
absolute sensitivity measurements llial in an emulsion the most sensitive grains 
arc rendered developable by the incidence of a few light quanta v.nying 11 om one 
to twenty. 

Recently a discussion has taken place in the Joinnal of i )ptica 1 boci(i“ty or 
Aini‘nca whether from a mathematical analysis of the 11 and 1) curve au}' iiifoi- 
mation could be obtained as to the number of quanta required to form the latent 
iinagc. Webb (Tg.:|o) maintained that the conclusion arrixed at must depend 
upon the basic assumption made in deriving the tlieoretical exin'ession employcHl. 
It is showm how the assuniiition that all the grains require a fixed miniinuin 
nuinhcr r of liglit (piaiila to acqiiiie a latent image leads to the conclusion that 
only a small number of quanta is rci|uired for the form.ation ot the latent image. 
It was further shown that if the alternative assuniplion is made that tlie grains 
in an emulsion have a wide range of sensitivity, tlie eonclusion that a small 
nninljer of quanta w^ould be required for lalcul image formation w’ould not follow . 

stateineiil led to a discussitni bctw’een Webb and v^ilberstein which need lu^l 
be considered licre. 'To settle the question experimentally Webb and Jivans 
(igqi) performed au experiment in which II and 1) curves drawn fora film with 
stiips exposed to intennillciit light exposures II of different frequencies and inten- 
sities were compared to two similar curves due to (a) continuous exposures of 
iutciisily equal to thaUof the tlash inaiod of the iiileimitteiU exposure and (h) 
an exposure equal to the average intensity of the intermittent exposure. FVoni a 
study of these cui ves the authors came to the conclusion that there were at least 
some grains in this emulsion which required between several hundreds to a 
thousand light quanta to produce dcvelopability. 

§4, Having thus found an experimental verification of the assumption of 
the variability in light sensitivity of silver halide grains in a photographic einul- 
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siou, Webb (1941) proceeds to derive a tliooretical expression for the variation oi 
density of silver deposited in a photu^raphic plate as funcliuii of exposure (11 and 
D curve). We give a short account of his theory : 

If during an ex]>osure the mnnhet' of light quanta nu'idcnt per (‘in* on a 
photogra\>hic plate be 1*,, then each silver halide grain receives on an average y 
units Avherc y™rT{ : the tuaxiiiiiuu vahu of r is 7 Tir\ the area of each grain, ^i'he 
number of photons absoibed l>y difl'erent giains will deviate frcari tlie average y, 
due to li) inhoniogcneity in si/e distribution of silvei ludidc giains in tin: ennilsi()n 
and (iO fluctuation in the cneigv distribntioji in the ineident light ua\'e lionl. 
Tile pi obat)ilit> tliat any grain u'("eives ;Mjiianta, is ei\'Ln b\' Poisson’s foi inula 

. Supposing lauv tlieie onU one class of gra^n^ wliiidi reqiiiie the 

n ♦ 

al)Sorption of at least / (juaiita to acaiiiire developabilily, and if K is the total 
luiinbci of grains alTe(d(‘d jHi ^an" due to the given liglil exposure, tiieu 
K ^ V*’ 

: i ‘ ]\; ihr total munber (»f giains per cni'S 

N , a 1 


If now theie are dil'leuiU classes ( I grains lequiring difkient number ol liglit 
(jUaiita, and the sensitivity (listrI1>uti(»n am-aigst llieiii u. eiven by a lunetion f(/) 

/ inujr 

slU’li that f(/)-'i; 

Tlieij the fraction (if tin' I'raiiis i\'iuk-i\cl (k\'(.‘ioii;iIi|(. ihu' to :iii avL-iacf I'Nimsiirc 
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’riie form of f (rl selected bv Webb is 1 (?)• r 1/'* bi -- 

\ Pi 


where 
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i.v/i. 
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h is a ] /ammeter governing its overall latitude, and tlie maximum sensitivity. 


For — We can also write , where D is tlie density (logjo- ; ) 

N I3n7 transvussioh 

for an exposure Ib 

Weblj has compared liis tlieorelical foi inula u'ith tlie 11 and 1) ('urves of three 
different kinds of plates and has obtained tlie following values for the constants: 


Plates blue^sensitive 
1. bow vS[)ee(1 
II. Medium 
in. Higl) 


/Avercige grain size, c'nd'^. 

M.T15 X 

• n:j;oo 
0.70(1 


l\ / () Imrn) 

.pg - ‘1 

-07 i/ib 4 


It will be noticed tlinl for the same intensity (d exposure U» tile average 
number of quanta received i/er grain > is about six times lor a grain in a 
high speed emulsion as compared to that fora low speed one. t )u the other hand 



32 


D. M. Bose 


)t is foinid that overall gradation is much greater iu the low si»eed plate; further, 
oven in tlie high S])ced plates tlierc are some giaiiis whicli reejuire absorption 
of several thousands of light (jnanta to ac(inirc developahilily. The 11 and D 
curve for the low speed [date is given in h'ig. i, Cur\'e I, which is obtained on 
CKiiosine to liglit of wave-length 4330 X. 


I 'I'll ,1 1 j jM /■',i 

f 

I » r-fXlti 
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'riu* k li Jirnul vxTliral and hollom iminbcrs k) Curve 1. 

Absi’issa ’ATi'an mil filter of lijLTlil <luanln aksfrlxMl ])ci silver lirilidt gram, a " 

Ordinate .Mean deiiKily ('f d(-'\ el«.)ped platr 

Thf' right hand vetiit'al and lop mnnlnTs ultn tt» Ciuvr IT. 

Ahseissa* Moan energy abstaljed per silvi i halide giain fnan ionising parliele, in (orins nf 
light L|nantn unil^ 

< >nlinato--Nnii]ljor of silver haliilt- grains dt-ptisilt'd pei n*"-' em. Ivngtli of traeU of ionising 
]i/irlielos. 

Liilrni iwa^c loinii'cl by llic nciuni of ionising partichs.-- When 
an ionising particle of mass snbslanlially gieater than that of an electron 
passes through a iiiaterial inediuub not too great a velocity, so that 

the Inss by radiation can be neglected, the energy lost by the particle will be 
eliielly due to collision w ith :iie bound electrons of llie atoms in the material 
medium- 'The probability transfer of energy by nuclear collision is small for 
ionising fiarticles willi small mass and small effective charge. The energy loss 
j>er unit length suffered by the particle is given by the following non-relativist ic 
e(j nation : 


/ dT '' 


( r-- 


( 2 ) 

\ d.r , 

1 , 'r m 

\ M 




'T — kinetic energy of i)article, wlio.sc mass is M. 
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f'A — chajge OB particle. 

0- — •NZ = No. of electrons per unit volume of the medium. 

1— 13.6 Z = ionisation potential of the atoms. 

If We express in election volts, and express M in terms of proton mass, tlieii 
the energy lo.ss of a particle of energy V' i-lectron-volts in a crystal of sih-er 
bromide is given by the formula 


Knergy loss = 6.0 1 . 


2 • 
10 


tk m 

l\i 

V 


^ I A),\ X 



CO 


'The ^‘iiurgy which Iraiisfcrrccl in this way U) llu atoms of a silver halide 
will go to raise some the iKmnd t lertrons to the higher excitation levels 
iiiclnding the conduction level of the AgHr crystal. Some of the.senilleven- 
1 iia!l\ be tra])ped oji the scnsilive sp(4s prevScnl in iJie grain. Our knowledge 
abtinl tJie inechanisrn of jiroducliofi (>f latent images in silver halide grains In- 
ionising particles is jiot so detailed as of that formed by liglil-absorjdion. 

Certain differemces are ho vvever apparent. In the case of light-absorjjtion, 
the i)rocess starts from the surface layer of the absorbing grain, and thetefore 
1I1C electron raised to the conduction level has a fair chance of lieiiig trapped on 
a sensitive spot which, it is assumed, is generally lobe found on the surface. 
And the amount of energy absorbed is proportional to the surface area, /.r., to 
For this reason also emulsions containing large-sized grains can more easily form 
latent images than those with small-sized graitis. 

In the case of the foimation of latent images by tlic. action of ionising par- 
ticle, the ionisation produced is a volume rather than a surface one. If a is the 
radius of a silver halide grain considered to be spherical, then the average patli of 


an ionising particle in such a grain is />= a. The electrons which are set free 

by such a process have to traverse much longer paths before they can get trapped 
on the sensitive spots lying on the surface of the grains. The ionisation pro- 
duced is radius a, while the chance of meeting a sensitive 

spot on the surface is inversely proportional to 'J'his may he the explanation 
why slow Process and Halftone plates aru more suited as#^ detectors of ionising 
particles compared to fast plates containing large-sized silver lialidc grains. 

U is worth investigating by the inctliod described in the relative ratio of 
surface to internal latent image formed ill siA-er halide giains by the action of 
ionising particles. If it is found that the latter is much greater, then our inter- 
pretation of the relatively higher efficiency of emulsions containing small silver 
halide grains is valid. 'J'his would also explain the increase in sensitivity to 
the action of ionising iiarticles produced by optical desensitisois like i>inakryptol 
yellow, which by destroying the surface sensitive spot allows the internal latent 
images to come into prominence. 

[Note added in proof — 

H. Wariibacher has recently published a repoi't iPhot. Korr., 77, 5:3, 1941) on 
the action of pinakryptol yellow’ (P) on photographic emulsion. From the very 
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sliorl suimnary Rivon in Clieiii. AI)S. (36, 5435, 1942) it appears that (i) emulsions 
treated with P hdorc exiiosiire ^ive relatively small grains and (n) with emulsion 
cxijosed to visible radiation and then treated with P, both the density and the 
immljer of developed v;raius diminish. These results are in agreement with our 
roiK’liisions- 1 

I'lie flevelupuis used i'or developing such plates like Elon-hydroquinone 
rccoiiuneiided h.v Wilkins (ig.-jo) contain sodium sulphite, which is a solvent for 
silvei l)roniide. With such develo]‘ers both internal and surface latent images 
are acted upon. It is r^roptised to undertake an experiment to determine the 
ratio of internal lo the surface latent images produced by tlie action of ionising 
IKirtiedes. \ 

■55,. We shall now consider in detail tlic developability produced in silver 
iialide grains by the passage of ionising particles. In this case we have to coi|- 
sider a linear latlier tlian a suiface dislrilmtion of silver halide grains. We 
(’onsidei such partiedes to be s])licricai in shape and of ladiiis of the order of 
i(V‘ ‘Nau. All the piarticles whose I'entrcs lie within a cylinder of radius 
li :iU‘ su[)p()sed lo lie along the liatdc of an ioni/ing particle whose trajectory is 
the axis of the cylinder. 

The immber of silver halide grains pei unit length is not a constant, but is 
subject to a statistical nucluation about its nu'-an value so, given by Poisson's 

foniiida w(s)- iAuthei, if / is the length of the track of the ionizing 

I 

pailic'k llinmi'b 11 grain, the energy transferred lo it by collision is }; tlie 

O.T 


value of / varies between a and za. The energy transferred to each grain will 

/ 0 

iluctuate about the mean value 


]p> where is the average path 

of the ionising particles through the grains. The value of is ^iven bv 

d v 

foimula (2). It is however not possible to make use of this formula, since the 
\ahie of T is not known at each point on the particle track. We can however 
obtain indirectly an %xpre.ssion for the average energy transferred by the ionising 
particle to each silver halide grain t.n its path. 

If T is the kinetic energy of the article and b is its range in the emulsion, 


then the average cneigy )o,ss pel unit length is j , During the average path p 

(d the ionising particle in each grain, the tnergy transferred is - . p. — J where 

I. fa 

■ r, ih the iinniber of elections per unit volume of a silvei Iialide crystal and ^T 
is the mimbcr of elecltuns itei unit volume of the photographic emulsion, viz., 
<r^~ /*: where there .'ire in the ennilsiou 1 . . . kinds of atoms of atomic 

numbers ■7.1, and theii numbcr.s pre.sent per unit volume are n,...nt 
respectively. 

It is found experimentally (Chowdhuri, 1941) that the number of grains 
deposited along tracks of «• particles of energy varying from ‘t.i M'S/ lo K.o IMfV 
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IS an approxiniatc ronslar.l indopoiidcm oi' tht paitick uicisy . nn the othta 
hand the mean grain miniher aloHK the tracks ot piclmis for tlic energy range 
hetween /|]V1\ to lo i\l\ varies inversely as liie ]>rolo)i energw 

Thus we fincl that in spile of Jhietnations in the innnl.er uf silver halide grains 

along the tracks of ionising particles and the vaiiaf ion in the patli traversed hy 
^he ionisatitni ))iii tides, certain iiKan values are olgaiiied vvhicli indicate that the 
mean grain numhei deposited is inversely propoi tioniil, within a ccitain range', 
to the energy transferred to the silvei halide giains 

It is found that the eneig\- received pel main incieases witli the dimnuttion 
of the energy of ionising particle, and this is accompanied by an increase in the 
nundier of silver grains developed pel unit length along the track. 'I'his indicates 
that the number of silvei halide grains which become de\’clopablc increases willi 
the increase in energy received by tbem by collision witli the ionising iiarticlc, 
i.c., llir silvi-i lialiiir i;rniits /vn’.sca/ in llu ,')niihii)n /lo.r.vc.s.v tlijii irni (irgrir.v d 
\'cnsi.livrncss. 

§7. We shall deduce an exiaession fui the mimber of silver grains deposited 
along the track of ionising particles similar to that obtained by Webb for absorji 
tion of liglit quanta. We shall then give for comparison an ciiii>irica] curve 
connecting the mean grain number deposited along the track of ionising jiartidc 
as function of tlic mean energy absoibi'd by the silver halide grains 

Let 5 be the number of liulide grains per miil length in the emnlsioii, and .vo 
the mean gtain iiumlicr; the value of s can Ix' iibtained by actually counting with 
a high magniticatiou niicro.scopc along difTercnt direclions on Ihe jilatc If / (j) 
is the fraction of the grains requiring r units of energy to acquire dcvdoimbility 
(measured either in electron volts or by the equivalent iniinbei of iihotous of a 
given wave-lengtb), then the number k of giaius rendered di'velopable jier unit 

length by the absorption of the mean energy i is given by - j j(r)d> ; where 

rmin is the minimum amount of energy reciuired to make a silver halide grain 
developable when struck by an ionising particle. 

If for any kind of charged particle and for a paiticulai range of encigy 
the mean energy received by the silver halide grains -i i^. greaUr than llu: anioimt 

Tr„„x required to make the least .sensitive of the grains dv vdopable, then within 

that range k the mean grain number deposited is indepcmkiil of the energy of 
the ionising particle. This is the case we find foi c>\-[)ai ticics emitted by J^o 
and ThC' with energy-range from 5 « MV, We shall, following Wehb 
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is the theoretical form of llie H andDcurve forihe fr.rniario,, talent imagesdm 
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to ionising particels. A priori it can be said tliat the constants fe, and ro for the 
same kind of emulsion will not l)e the same both for the action of photons and 
ionising particles, h'urlher, as mentioned above, s is not a constant, but may 
vary for different tracks on the emulsion. 

We shall now give an einj^irical H and 1) curve for ionising particles which 
is based ui»on the data given in Table I, j)aii of which is taken from a ])aper byn 
Miss Chowdhuri wlio has obtained a curve showing the relation between 

the mean grain vSpaciiig in Ilford Halftone plates of tracks of protons and 
cx-parlicles of different energies. 
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'Diis is olilaiued from the foimula. 
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^ ’ hre 
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vvlierc 'r — ^i)article energy in electron volt, 

R — range of particle in air, 


-rali(^ of ranges in the eituilsion and in air = 7.:! x io“*, 
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path uf llic iouisinj> particle in the silver halide grains 
-0.2 X lo"* cm. 


1 


(/« 


ion he 


the ratio of electrons present in unit volumes of siKer bromide 
cry.stal, and of the emulsion =19.; 

‘energy in eleclron-vtU of photon of wave-length A. 


Coluiiiii 4 gives the mean grain number per lo''’ cm •>{ track in the photo- 


graphic enmlsion which is eiiual to and is 1 liken from Miss Chowdhnri's 

m.g.y. 


paper. 

Pig, L, Curve 11 is drawn from the data colketed in Table T, and is of the 
shape to be expected from a sensitivity disti ilmtion curve of the form given 
by Webb. The experimental data are not suflici' ntly accurate nor sufficiently 
closed spaced in the region .) to pi x loSiuani i to enable ns to determine the 
constants of the seii.sitivity distribution function. A comparison of tlie Curves I 
and II, drawn for sensitivity distribution curves of similar types ot slow fine- 
grained plates as function of the number of light quanta and of collision energy 
absorbed, respectively, shows that light quanta ai\ about 10 to iO(> times more 
elfectivc than ionising' particles. This is what is to lie expeclerl considering the 
nature of the action of the two agents. 
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FLUID FLOW THROUGH POROUS MEDIA. PART IL 
POROSITY. PERMEABILITY AND AVERAGE 
GRAIN SIZE OF CONSOLIDATED SANDS* 

By N. C. sen GUPTA 

AND 

Me. THEIN NYUN 

(Received fot publication, November 

ABSTRACT rernieabilitits, porusifirs in\(\ particle .size di.stribiitioTj curves of twi-nty-lhret 
sand core samples were obtained. It was observe d that with iiicreose in the average parli<'le 
diamdicr the porusitiy :it first int leased and liheii tended tti attain a ccMisl ant limiting value. 
Permeability, K. on Ibe t>tber Ijaiid increased continuously with the average diameter, 
t/, and the appvi'xiiiiale lelation K ^ i/ ' was obtained. 


1 N T KOI) V r T I () N 

A previous paper ' dealt with the question of measuring true i>ennc‘al)ility of 
saud cores using gases. Measured periiieabililies weie found to diminish with uu 
increase in the rate of flow and results obtained using hydrogen were higher than 
those obtained with oxygen . Preliminary nica.snrenieuts using liquidsi showed 
that the latter gave lower permeabilities tlian those obtained using gases without 
any correction. 

In the present paper relations between permeability, porosity and average 
grain size of twenty-three sand (.(.les have been studied. 


H X P Jt R I M K K T A I. 


The core samples used in these experiments were obtained from four different 
oil wells. Permeabilities wei'e measured by finding the rate of flow of dry oxygen 
at low pressure gradients and constant temperature and were calculated from the 
formula 




(i) 


where V is the volume of gas flowing per unit time at atmosjiheiie piesisure 
f’a the i>ressme of the entciing and ]>i that of the issuing gas, is the vi.scosity of 
the gas at the temiieraturc of the measurement, I, is. the thickness and A is the 


-* Coraninuiciited bj- Prof, J. N. Miikherji. 

■* This wfirlf WHS interrupted l)V ttie Japane.sc' invasion hut may he remtinned elsewhere 
later- 
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cross- sect ion of tlic cylindrical core- The permeabilit3^ values were not corrected 
for any error, c.g., due lo slip or kinetic energy effect' since approximate values 
were considered to he suflicicntly accurate for present ])ur[)oses. 

Porosities were delenniiied Melclier's method/^ 

Particle-size distribution curves were drawn from data found using Puri's 
Siltometcr. ’ The curves generally showed one niaximuni, but occasionally there 
were two iiiaxinin. lN*(‘]>rcsen1ativc curves of the lv> o different tyj)es arc shown 
in figure i 



Figure I 


AvL-raye prain diameter, d was calculated from the particle-sizc distribution 
curves from the relation 

where r, is the pcrceiitaec, by volume, of particles having diameter d, . Since 
the value of <7 is mainly daermined hy the percentage of smaller particles, a 

smaller value of d indicates the presence of a large i)ercenlage of particles having 
diameters smaller than 0.00.1 cm. 

R R S r b T S AND ”1) I S C U S .S T 0 N 

The lelatioii between tlie average effective diameter and the porosity, /, is 
shown in fig'ure a'and that between the diameter and the permeability on a log- 
log scale ill figure 3. 

Figure 3 gives a more o: less ‘ vS ’ shaped curve. The porosity appears to 
attain a constant limiting value at very Jaigo particle diameters. This maximum 
value of the porosity is 33.3 It is of interest to note in this connection that 
when spherical particles of uniform size are arranged to build a hexagonally close- 
packed structure the porosity equals 2S-95%- Other types of arrangements show 
higher porosities. 
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Figure -? iMguve 3 

When the particle (lianieler tends to become negligibly^small, poiosity 
tends to be very snia)]. It may be considered that when 1 appioathcs zei 
/ assuincvS a lower limiting value. The curve can be lepuscnkd b> an e 1 
of the type ; — 

f fmia. « ^ **' ^ 3 ) 

/max, “/ 

where / is the porosity corresponding to the average diaruetci d, /mni, and /min. 
the maximum and minimum porosities and is a ('oiislant. 1 le v. i 

appears to be nearly 6 in this particular instance. 1 • 1 iv 

The variation of porosity with the average diamctci can be exp ai 
v\ hen the size and shape of the particles and Iheii spatial airangenie / 
known. For example, fine particles, if present in appieciable am, ' . 

cement the pores formed by the arrangement of the biggei parlic v " 

small particles in sand are generally less symmetrical than ihebv one:, ^ 
closely packed, will provide a sand w'itli lower porosity. It appears ^ ^ " 

mental w’ork on this topic, using consolidated oil-sands, has yet been "1 "■ 

The points plotted in figure 3 fall on a very broad band mdicated by he 

dotted lines. Assuming that log K varies linearly as log d, the slope \ . 

tical line drawn through the points is 2.05 which shows that t le empirica 

K Const. 

where K is the permeability corresponding to the average diameter , " 
inately obtained. When the spatial arrangement of the partic es is m. ' > 

permeability of a system containing spherical parUcks ^ o nf the 

dimmish as the square of the diameter of the particles. le sea ' 
points in 6gure3from straight line might be ^ 

and size of the particles and to their spatial arrangemen ^ 

of tho« factor, caooot be di.co.ard uotil forte tesuremeot. f»'e too 

carried out. 
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ON THE ULTRA-VIOLET ABSORPTION OF THE DYESTUFFS 
IN SOLUTION AND THE INFLUENCE OF NEUTRAL 
SALTS ON THE SAME 

By KRISHNADAS CHOWDHURY 

AND 

CHITTARANJAN BOSE 

(Received jor puhliration, August 12, /94a) 

ABSTRACT. The paper deals with the ultra-violet absorption of a lart(e number of 
fluorescent d3^estnff solvents, namely, succiiiyl eosin, pinakryplol yellow in glycerine, acri- 
flavine in alcohol, pinaflavol in alcohol, aniline oranf,'^ in alcohol, ^ rose flciigal ’ in nh'ohol, 
pinakryplol green in alcohol, snccinyl fluorescein in {'lycerine. The absorption curves for 
each of these dyestuff are given. The effect of quenching clement, namely, potassium 
iodide, has also been studied for acriflavine, succinyl fluorcsc'ein atid ijinakryplol yellow. 
With this particular type of quenching element ll has been found that practically there is no 
change in the nature of absorption curves. 

INTRODUCTION 

A large amount of experimental work has been done by the different 
workers on the absorption of the dyestuff in different solvents. The existing 
literature on the subject reveals that the great majority of the investigators in 
that particular domain confined their investigations in the visible region of the 
spectrum. Very few quantitative measurements have been made in the ultra- 
violet region of the spectrum. It is well known that a quantitative iiieasuremenl 
of absorption spectra of solutions of pure compounds can be made relatively 
easily, and it not only furnishes a method of identification of the substances 
but also serves as a basis of a theoretical treatment of their molecular structure, 
as is evident from the recent investigations of Mayneord/ Fisher" and others. 

Mitra® and Grisebach*^ measured the absorption coefficient of a few dyestuffs 
in solution in the ultra-violet region and tried to establish a relation between the 
absorption curves in the near ultra-violet and polarisation curves of the fluorescent 
radiations emitted by these dyestuffs in solution under the excitation of light of 
various wave-lengths. In view of the meagre accurate data on the ultra-violet 
absorx)tion, as well as, to find out whether there is any resemblance between the 
two sets of curves, as was reported by Grisebach and Mitra, it was thought 
desirable to make a systematic observation on the ultra-violet absorption of a large 
number of fluorescent dyestuffs in solutions, 

EXPERIMENTAL ARRANGEMENTS 

The absorption coefficients were determined by a calibrated rotating sector 
photometer (Adam Hilger) used in conjunction witli a quartz spectrograph* The 
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source of li^hl for the tiuanlitative nieasuremeuts has normally been a condensed 
tungsteii-slecl spark, about 4 mm. gap, the necessary potential being obtained 
from an X-ray induction coil with mercury interrupter in the primary. The 
results were in a few cases verified by the measurements of the absorption with 
a sensitive Moll iherniopile and a galvanometer system. 

A parallel beam of light from a point source of quartz mercury lamp was 
allowed to fall on a cell containing the dyestuff in solution through a suitable 
filter, which allowed only monochromatic radiation to pass. The intensities of 
tlie incident and transmitted light were measured with the help of a Moll thermo- 
pile and galvaiionietcr. The absorption coefficients were measured from the 
welhknovvn relation : ■ — 

wbcrc I auci J|, arc Ihc traiisiiiitted and iiicideiil intensity, respectively, of liglit,\ 
d, tliiekness of tlie cell containing tlie solution and n, tlie absorption 
coefficienl. 

'I’lie results of our observations in the case of both the expcriineulal arrange- 
ments, tbermoelecti ic and pholograpbic, are given below for a comparative 
study. It w'ill be evident that tbe agreement is fairly satisfactory. 


Taui,e 1 


Dyestuffs in 

Absorption coefficient for a 4358 A 

alculiolie sol 11 

1 'rheniioclectric 

riiotographic 

Slice, iluorest'ein 

.422 

.40 

riimkryptol 


.30 

Aniline orange 

.248 

.25 

T^iuaflavul 

'447 
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R E S n L T S 

We have investigated tlie absorption of the following flouresceiit dyestuffs 
in alcoliolic and glycerine solutions. The figures within brackets indicate the con- 
centrations. 

1. Succinyl ilugrescein ... ... (j. 120000) 

2. Succinyl eosin ... ... (1.70000' 

3. Pinaflavol ... ... (1.200000) 

4 . Aniline orange ... ... ( i .50000) 

5. Acriflaviue ... ... (1.50000) 

6 . I’inakryptol yellow ... ... (1,100000) 

7. Piudkryptol green ... ... (1125000) 

8. Kosc Bengal ... ... (i. 100000) 
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All the above coiripouuds were purified in the usual way. The results 
are shown graphically by the following curves (Figs. i to 8). As regards 
the resemblance between the two sets of cm ves, absorption and polarisation 
cuives, as already reported in oui introduction, we shall return to this point in 
auothei communication. 
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IN FLriENCR OF FORPiov M t? n r p a t 

AnsoAPr.oK OP p,.,. 

.i™.J''lr if’T' »' 'iKS'rfs in solution by foreign 

itia soils quite well blown and bus been investigated liy a large number 
o w-orlteis. t apneats that the inaiorily tben, are of tbe opfai"^: 

LtweTfhe dLrr'T collisions of tbe second kind 

qnif buig effect I tr'i" “®“T“ “'"P Cati™ of tbe 

by tbe Lstaffs in 'rr*” of 'bo il»oteseent radiation emitted 

by dyestuffs in solutions, aa was observed by renin,' Franck/ Mitra.’ and 
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others. But there may be an alternative explanation, vis.,— gradual " complex 
formation *' due to the association of the molecules of the dyestuffs and those of 
the quencher with the gradual addition of the foreign substance— these complex 
molecules being non-lluorescent. These molecules, if any, will reveal their 
presence by a change (or by a new band) in the absorption spectrum of the 
dyestuff in presence of the quencher. So, luikss one studies the influence of 
tlie foieign neutial salts on the absorption of the dyestuffs and demonstrates the 
absence of any such influence, the aforesaid alternative explanation, vic .^ — 
gradual complex molecLilar formation, and consequent decrease in the number 
of eiiiitling dyestuffs molecules, which is exhibited by a decrease in intensity of 
tlie flourescent radiation, cannot be ruled out of the field. 

The idea of complex molecular formation is not new. It is well known 
that as the concentration of the fluorescent substance is increased, the intensity 
of tlie fluorescent radiation also increases up to a maximum value, then the in- 
tensity falls down on further increa,se of the couceiilration of the fluorescent 
substance. That is, there is a definite concentration for a dyestuff for which 
the intensity of the fluorescent radiation is niaximiiin. When the concentration 
is further increased, the resulting intensity of the fluorescent light dwindles 
down. In order to explain this concentration •'quenching, Tewschin'^ assumed 
the fonnatioii of complex molecules which arc non-fluoresceiit unlike the mother 
molecules. In support of his assumption he showed that when the concentra* 
tion of fluorescent dyestuffs is increased over that aforesaid maximum value, 
considerable alteration of the absorption spectrum of the dyestuff takes place. 

One finds that Larnpert/' and Mitra^^’ measured tlie absorption co-efficient of 
a few dyestuffs in solution for both pure and after the addition of varying amounts 
of ncaitral salts. Besides tbe.se, no systematic inve.stigations have been made on 
the .subject so far. In view of the importance of the subject on the mechanism 
of quenching, we thought it prudent to investigate this point along with our 
absor ] it i on in ea surem en ts . 

It has already been mentioned that the intensity of the fluorescent radiation 
of the dyestuffs in solution suffers appreciable diminution when neutral salts 
are added to the solvent medium. The investigations of Perrin,*’ West, Jetty 
and Muller’^ indicate that the order of the extinguishing power of the different 
ions is as follows : — 

I' > CNS' > Br' > Ce' > W > NO,' 

which is practically the order of their cleforniability, that is, of the ease of 
displacement of an electron in the peripheral shell of the ion. This shows that 
iodide ions exert the greatest quenching influence on the fluorescing dyestuff 
molecules. In view of this, we have investigated at luesent the influence of 
KI on the absorption of a few dyestuffs in solution. 

Qur experimental procedure was as follows. A solution of the dyestuff, 
in alcohol of requisite concentration, was taken and its absorption at different 
w^ve-lengths was determined in the usual way by the rotating sector photomet^'t . 
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Then to the same solution of the dyestufl', potassium iodide solution of known 
concentration was added drop by drop, till the fluorescence was quenched com- 
pletely, as observed visually, the concentration, c of KI being determined from 
the number of drops added. 

Then one cell of the photometer was filled up with the quenched dyestuff 
solution and the other cell with the KI solution of concentration c. 

For the present, we have investigated the influence of iodide ions on succ. 
fluorescein, succ. cosin, acrillaviue and pinakryptol yellow. The results are 
slK)wn graphically by the accompanying curves (Figs. g-ii). 



Acriflavin Succ. flurescein 

ii— without KT ('f — without KT 

h — withKl ()— withKT 



I’inn Kryptol yellow 
a — without KI 
h-^with KT 
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The graphs show that there is practically no change in the nature of the 
absorption curves on the addition of the foreign ueutial salt. This show s that 
quenching of the flouresceui radiation on the addition of foreign salts lakes p]ace 
through collision of the second kind between the dyestuff molecules and the 
ions of the added salts. 

In conclusion, it gives ns great pleasure to thank Prof, S. N. Bose for 
his kind interest and Dr, vS. M, Mitra for hli. kind guidance throughout the 
work. 

Physics Lauokatory, 
r^.’vjvTiKSiTY OF Dacca. 
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ON NATURE OF DYNATRON 1 YPE NEGATIVE IMPEDANCES 
AT FREQUENCIES FROM 1 TO 40 MEGACYCLES/SECOND 

By S. P. CHAKRAVAR7I 

AND 

P, N, DAS 

iRcccived fot publication, October 6 , 1(^42) 

ABSTRACT. The paper relates to ilivestigatifiiis oji the iiahiie ot dyTiatroji type negative 
iinpedaiiees obtained foan serecivgrid tubes operated undei seeondui^ eiiiissirm etnidilion 
r.vf-r the range t-/1u Mr/s and forms an extensiun of a prcviou.s \\’oi‘k liy the first author. 

\ suitable .method for the nicnsuremont of R«/‘ “ C , *' and " C„ has been evolved. 
Alcasurenienis of and have been carried out over the range Mr/s 

and discussion as to the nature of variation of /R„/ and u ith frequency has Iteen ni:id(‘- 
Depcndence ol /R,</, and C,. , upon the amplitude. the operating h.f. voltage (f.r, , thnl 
ajiplictl hetvvocn anode and fdanient) or superimposed bd. voltage has been sliou in 

A discussion oil the nature of variolioii of /R,,/ of screen-grid tubes undi r secondary 
emission condition with frequency over a large irequenev range has l)een made, Considering 
a substantially large frequency range and allowing for the effect of tlie amplitude of impressed 
or superimposed li.f. voltage, it has been found that the mean curve derived from the expert- 
mental curve indicates the law that the internal resistance decreases in general u iili increase 
of frequency from very low to very high frequencies. 

Further, a discussion on the dielectric constant K of electionic medium between anode 
and filament of screen-grid tubes under secondary cini.ssion condition and its cle])endcTice 
upon the amplitude of impresvsed or superimposed h.f. vidtagc as well as upon the treqiiency 
has been made. Allowing for the effect of h.f. voltage amplitude, it has been found that the 
c urves of variation of ' K ’ with frequem'y are wavy showing peaks and depressions and that 
the values of * K ’ are less than unity at frequencies greater than 11 Mc/s for some tubes 
and 14 Mc/s for others. 

Linearity of the negative impedance clement (taken as a whole) has been investigated 
since this forms the essential re<iuireinent for the use of the element in circuits and networks. 
Phase shift caused by the negative impedance element (as a whole) has l>ccn calculated 
from measurement of /R„/ and C„ li^s well as measured directly by cathode-ray oscillograph 
method. 


INTRODUCTION 

In a previous work the first author (Chakra varti, X040) has tnade 
comparative studies of "stability/' "maguiliKlc and angle ul impedance, ’ 
‘'linearity ” and "phase-distortion for dyruitron, Iraiisitrou and feed-back types 
of negative impedance element over the frequency range, 0.5 Kc/s to x.o Mc/s. 

From stability point of view, the tran.sitroii tyjie has l>een found to be 
Ihe liest of the three. The dynatron type obtained from screen-grid tube can 
be maintained stable by keeping plate and screen-grid voltage variations as^ 
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well as filaineiit current variations within limits and suppressing the oscillations 
set up liy closing the negative element terminals through network or apparatus 
or any impedance^ as discussed in previous works (ChakravavU. ic)38 and 1940). 
The feed-back lyi)c of negative impedance can be made stable by proper adjust- 
ment of the amplifier performance. ' 

The negative impedance element of any type cannot be regarded as non- 
reactive except at very low frequencies. In tlic first author’s paper (Chakra- 
varti, 1940) entitled ‘On Nature of Negative Resistaiue Sectitms,’ the dynatron 
types of negative impedance element have been taken more ur less uon-ieactive 
up to 50 Kc/s. A good agreement nf the results calculated on that basis with 
the actual nieasurcmonls has confirmed that the above view point could be 
maintained without much error up to 50 Kc/s. 

The correct equivalent of the negative impedance element (of dynatron and 
trausitron types) at a higher [re(|Ueiicy will be a negative resistance 
shunted I>y the effective capacitance (C„) equal to amxle-filament capacitance 
(Crt<) added on to self-ca])acitance of choke as well as other stray capacitance 
in wiring, valve base, etc., and by an inductance (Ij iiiserled to block the a.c. 
from traversing the path of H.T. source. As impedance due to * Jy ’ is very 
large, the (effective) equivalent of the negative impedance element untuned 
to any frequency will be -Ra shunted by C,, , For all types of negative 
impedance' over the range 0.5 Kc/s— 1.0 Mc/s the inqHjdance magnilude has 
been found to decrease in general with increase of frequency though nt)t in a 
smooth curve. 

From the linearity point of view, the dynatron type has appeared to be 
best suited for use in a.c. circuits over the range 0.5 Kc/s — i.oMc/s. The 
Iransilron type has been more of non-linear nature, whereas the linearity cjf 
the fced-l)ack type has been found to depend upon that of the amplifier. 

For dynatron and tiau>silron tyi)cs the angle of phase-shift has been pro- 
portional to i/«j) up to 0.5 Mc/s but varies in a non-linear way with i/w between 
0.5 and ] .0 Mc/s. 

Before prcjceeding to tlm scheme of measurements undertaken at present, 
it is desiiable to survey the works of various aiilhors on internal (a.c.) resis- 
tances and interelectrode capacitances of IhenTUonic tubes as well as on dielec- 
tric coustants of ioni/.ed inedium therein. 

The problems relating to (a) variation of dielectric constant (r/dc Bergman 
and During, 19J9 i Benner, 19-9; Benhain. 1931; Sil, 1932; Prasad and 
Varnia, 1936; Imam and Khastgii, 1937 ; Hollniann and Thoina, 1938; Khastgir 
and Serajudcliii, 1039, and Basak* ig^i t) of electronic medium in diode, triode, and 
screen-grid tubv (operated under normal condition) with frequency and agree- 
ment or otherw ise of tJie inea.sured values with Kccles-Larnior, Benner and 
Lorentz theories and (b) variation of internal resistance and in ter elect rode 
capacitances (v/dc Benner, 1929 ; Hartshorn, 1931 ; Mitra and Sil, 1932 ; Baker, 
1933 ; Hollinaun and Thoma, .1938; Rao, 1940 ; Khastgir, 1941, and Basak, 1941) 
of triodcs (operated iitider normal condition and also as dynatron) and screen- 
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grid tubes (operated under normal condition) with frequency have received 
attention of the majority of workers. A few workers, however, hwc interested 
themselves on the dependence of the interclectrode capacitances nf thermionic 
tubes upon the operating conditions [vide Moulliu, 1933 ; Dye and Jones, 1933 ; 
Bell, 1935 ; Moullin, 1937, and Jones, 1937). 

It will be noted tliat none of the above studies has related to internal 
resistance, anode-lilamcnt capacitance and dielectric constant of ioni/ed medium 
fora screen-grid tube operated i/ndcr emission condition, The first 

author in a previous i^nper (Chakravarti, 19.10 « has measured among other 
things the variation of the magnitude of negative liulernal) resistance as well as 
negative impedance with frequency over the range n.5 Kr/,s^i .o Mc/s fni screen- 
grid tubes under secondary emission condition. 

The present paper relates to extension of woi k on the nature of dynatron 
type negative impedance <»btained from screen grid lube over the range 1-40 
Mc/s, vsince tliis alone ot all types of ne^gative impedance has proved suitable 
from all points of view for use in communication circuits a I freipiejicies up to 
1 Mc/s. 

The work undertaken has consisted of tlic following: — 

(a) Measurements of — K«, C\, and Car <^ver rmige j-fi Mc/s. 

(b) Measurements of -!<«, C\, and / over range 0-15 Mc/s. 

(rj Measurements of —R,,, and C,,/ over range' 20-40 Mc/s. 

(d) Measurements of the effect of h.f. voltage amplitude (applied to nega- 

tive impedance element) on /Ra/ and 

(r) Discussion on variation of /Rw/ with fuquency tor screen-grid lube 
under secondary emission condition. 

(/) Discussion on dielectric constant of electronic medium undei secondary 
emission condition and its dependence upon fiLiiucncy and h.f. operating 
voltage. ^ 

(g) Measurements of the linearity of the negative impedance elenieiil at 
3, 10 and 30 Mc/s. 

(Ii) Detenninalioii of phase-shift caused by the negative impedance 
element over range 1-17 Mc/s by catliode-ra}^ oscillograi)h method developed by 
the first autinrr, 

Foui screen-grid tubes of British, American and Continental makes worked 
under secondary emission condition liave been employed for (tO, (/?), (c), (d), 

(c) and (/) nieasiiremcnls, wdiile only AC/ SO tube has been used for 

MKT H O D C) V M K A S U R E M K N T CJ V N K G A T 1 V K 
RESISTANCE, E 1' E E C T I V K CAPACITANCE 
AND A N O D E - F 1 E A M E N T C A P A C I 1\A N C E 

The negative resistance and the shunting effective capacitance of the negative 
impedance element at a desired frequency (the parallel inductance of choke being 
of such impedance as to cause no appreciable error when neglected) could be ob- 
tained by two measurements of impedance magnitude of the element, one at the 
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(fesired frequency aiul another at slightly Iiigliei' or slightly lower frequency such 
that values of negative resistance and effective capacitajxce at this second fre-' 
queney could be jegarded same as those at tJie lirst frequency. The impedance 
could be obtained diiectly by observing the hi. voltage droi» across the negative 
element and the hi’, current flowing into the element. 

P'or instance, if jjegative resistance and shunting effective capacitance at 
3 Mc/s (u> = 27r X X jo’’ r.p.s.) are desired, the impedance of the element (Z) at 
Mecs is first f^)>tained We then have the eipiatioii 


i 

z/-' 





ii) 


'A' being the admittance. 

Xext, the imjiedance ui the same cletnciil i 7 J) is measured at slightly highei 
irequcucy, sa\', 3,005 ’Mc/s ]n x 3.005 x n»^') so that the values of the coiiipo- 
iienls niuv be regarded aliuosl llie same Then the new equation will be 


y/2 




K;? 




(ii) 


I'ruin (/land (?i), jlini ami L\, can be obtained, 

hor tliis method, (<r) the number of observations required is doubled, (h' the 
Ilf source* must be able lo give the value of desired frequency / (Mc/s) Iflus or 
tninu.s \ to 5 Kc/s accairntcly over the whole range; and (tO input impcdaiKC of 
llic* valve voltmeter must be very large compared to the impedance of the element 
at all freciuencies over the range i--4o Mc/s. 

Due io difliculty of obtaining a suitable thcimionic voltmeter which would 
lully satisfy the condition (r) above for the frequency range i-zio Mc/s, this 
method ^^as abandoned iii favour of a new' metliod evolved by the authors for the 
jiurposo. ^ 

Fig. j shows the circuit diagram and the equivalent circuit. The blocking 
i'ondcn^er (C) and sliunting choke (I J, being of negligibly snuiJI and considerably 
large impedance respectively at the frequencies concerned, have been left out in 
the equiv^alcnl circuit. The impedances of the measuring instruments 1], I2 and 
I \ are negligibly small at the frciiuencies comx-rned. 



Let V ™ voltage between points A-B in the circuit ; g — conductance (magni- 
tude) of arm I of tlic parallel itnpedancc A-B ; =» conductance (magnitude) of 
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negative resistance portion of arm II of the parallel impedance A-B ; and 
C„=total effective capacitance shunting the negative resistance. 

Conductance is ordinarily a scalar quantity, but when negative resistance is 
involved, the idea of the direction of conductance cannot be avoided. For 
instance, if a voltage V be applied to terminals i-;: of a positive resistance ‘R ’ 
with I positive and a negative, the direction of current is from i to a and if the 
same voltage be applied to terminals i-a of negative resistance of the same mag- 
nitude ‘ R ’ with r positive and 2 negative the direction of current is from 2 to 1. 
The direction of conductance is also reversed in the two cases. In the following 
calculations, only magnitudes and not directions have been considered for all 
quantities and con.sequently the same applies to the case of conductance. 

(r) 

(2) 

(3) 

(4) 

(5) 


(d) 

and from (4) ^ Vdl ~g« • • h) 

The value of * r ’ and iJierefoie of * at frecjueneies iiivtdved cuu be aeeiu'citely 
known. 1^, lo and I3 can be accurately measured up to 40 !Mc;s by Sullivan u.hJ. 
Ihermo-niilliainmeters. Hence the maj^nitude of .Ca and K„ t'an be knou'ii with 
accuracy. depending on g, la* 1 3 can be deteniiiued accurately. 

Since self-capacitance of the choke together with stiay capacitances of wiring, 
lube base, etc., can also be detertuined l»y .siiiular arrnngenieni after removing the 
tube from its base, < n hich is the (hot) anode-filamenl capacitance can be found 
out. H.F. power lo the measuring arrangement has f)een supplied from a 
suitably controlled master oscillator through a buffer stage to obtain stability of 
the source frequency/ The voltage oufpiil of the mastei^ oscillator decreases AVith 


Then 




From (2) and (x), 
From (3) and (1,/, 


— "4r‘ 

V= 

' “•'Cn 


la 


ir^ 

Subtracting (4) from I5), -1 =, „(!“ - 1 s 


I?' 


= K'" 




i?- ig-i!i 

II 


■ ‘i?r“ ■ 


in maguitude 
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increase of frequency . Great deal of care Jias been taken in ilie lay-out of the 
circuit and screening the different portions and leads as well as the measuring 
instruments, at high and ultradiigh frequencies. 

.M A S IT K I-: M T«: N T S O F AND “C./' O V U R 
K A N G n J - 0 M C / S 

Measurements were carried out on dynalrons obtained from four different 
scjccii-grid tnl)es — (i) S(i 215 (Mazda), ( 2 ) AC/vSG (Mazda), (3) A 442 (Philips) 
and (1)32 (RCA-v\merican) — over the range 1-6 Mc/s working under conditions 
set fortli in tlie next paragraidi. The tul>esS(l 215, AC/vSG and 32 were new 
whereas A 442 was in intennitlenl use for last few years, SG 213, A 442 and 32 
were battery-healed tubes whereas AC/vSG was an indirectly heated type. Table I 
gives details of the anodes (from which secondary emission tiikcs place) and 
anodc-catliode distances collected from broken specimen. 


Table 1 


Tul)( 

Type n{ 

aiiodu 

.striictun 

Appiox. 

ntioilf' 

iliiiu’usions 

Approx . 
width 
hetweeii 
plates if 
rectangular j 

■\nndt‘ 

material 

Anude- 
cuthodc 
distance 
(cins ) 

vSO a 15 

Two lectaii- 

gidar plates 

X i" each 

t/i." 

Pure nickel 

o.5i 

AC/SG 

Do 

! Do 

Dc 

Do. 

0.46 

A 442 

Do. 

' .S/fi*x3/S'' 
eacli 

, 

3/16" 

AUt»v uf iron, nickel 
molybdenum and 

cobalt found on spec- 
tros(’oixic analysis 

0 64 

32 

j Cin'ular plate 

1 

1 diameter I 
length 3/^G 

1 

1 

Pure nickel 

1 

0.88 


For vSfi 215 the screen-grid, plate and control-grid voltages were So, 40 and 
o volts respectively, the hlnienl current was 0.15 j\ and a, c. resistance from 
static characteristic was- ,)!< , = -^22,86 x lo’^ ohms ; f<jr AC/St* tkc screen-grid, 
plate and control-grid voltage'* were Oo, 28 and o volts respectively, the filament 
current was 1.0 A and a.c. u *islaiicc (sialic) was —15 x ohms; for A 442 the 
screen-grid, plate and control-grid voltages were lou, 50, and o volts repectively 
the filament current was .06A and a.c. resistance (static) was — 69.23 x ohms; 

and for 32 lube the screen-gi id, plate and control grid voltages were 68, 22 and 
o volts respectively, the filanunt current was .06 A and a.c. resistance (static) 
was - 150 X 10* ohms. 

Table II shows the values of —Ra, C® and Ca/ obtained at different frequen- 
cies from observations of various currents and known conductance ‘ g/ Measure- 
ments on each tube were made at a constant h.f. voltage at all the frequencies. 
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TABtK II 


■S 

>. 

a 

SG 215 

H.F. Voltage- 

12,5' 

AC/SO 

H.l'\ VoRa^2:f* — 

13.5’ 

A 442 

II.F. Voltage = 

= 12.5‘' 

33 

tT*F. Voltage w 8.0* 


— 

_ , 

_ 

1 









u 

Uh 

r-R. 

c. 

c., 

i 

c. 

Co r 


Co 

c., 

1 

-R, 

c. 

C.r 

2 

oil ms 



ohms 

iJliV 


olinis i 

i 


ohms 

hhv 



— 12.S00 I 

6ci.6 



40.5 

37 7 

“-4250 1 

t )7 7 

^ S -9 

— 8410 

53 

40.2 

3 

-“5210 

74 0 

35-0 

’-5430 

hS.c, 

2 Q.O 

-3135 

82,2 

43-2 

-5710 

57 

i8,u 

4 

“-".’0711 

70.6 

1 34-3 

-T3C;t) 

66 3 

30.0 

- -835 ’ 

72-5 

36.2 


43 

6.7 

.s 


65-5 

i • 27’7 

i 

- 54 s 

53 4 

* 5-6 

-567 

79.8 

I 

42.0 

-2580 

22 

10.0 

5-5 

-735 

37 f 

1 

1 

— 17 00 

3 S -6 

0.6 

— I TCO 

! 7 y 1 

4/1 1 

-2500 

22. T 

Tl ,0 



Ftc;. 2 


Variation of Ra and C\f with frequency .—Fifi. 2 shows the variation of 
/R«/and C'a/ with frequency for all tubes over the range i-6 Mc/s. It will be 
seen that for all tubes /Ra/ decreases smoothly with frequency up to 5 Mc/s and 
for three of them (except 32) it tends to increase again between 5 and 5.5 Mc/s. 
It will be observed that for SCI 215 and AC/vSG C«y decreases at first slowly up 
to 4 Mc/s and then rapidly between 4 5-5 Mc/s ; and for A 442 and 32 it 

decreases smoothly up to 4 Mc/s and then increases subsequently. 

M K A S UR rc M E N T OF “-R,”, “ O.” A N T) " 0. f ” O V F R RANGE 6-15 Mc/t, 

Measurements were made on dynatrons obtained from the four tubes men- 
tioned in Section 3 over the range 6-15 Mc/s. The working conditions and a.c- 
resistance (static) were the same as those mentioned in Section 3. 

8-i455r— I 
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Table HI shows the measured values of -Rb, Ca and Co/ at different 
frequencies. Measurements on each tube were made at a constant h.f. voltage 
at all the frequencies. 

Tahi,e hi 


rH (/, 

ii 0 

SG 215 

H.F, Voltage ss 

= 4.1” 

^c/m 

rr.F. Voltage- 

' 3 2” 

A 442 
ri.F. Voltnge 

4.1” 

32 

ILF. Voltage = 

= 2.74'’ 



c\ 

C, It /■ j 


c. 


-R- 

c.. 

C„r 

-R. 

c.. 


6 

oliiiis 

980 

39 

fifxi' 

l.S 

ohms 
— 2360 

Hfil' 

50.7 

» 3-2 

ohms 

.S 4 f' 

fifxV 

17.1 

ohms 
- 720 

SO. 3 

i 

12.8 1 


— 3700 


AS 

“-1300 

45 2 

1 7 2 

1 

-17711 

42.4 

4.4 

— 260 

41.;-! 

3.8 \ 

10 

“1 180 

46.7 


Jtl^O 

6j 

! 23 s 

■“ T 560 

47-2 

9-0 

- 360 

45-2 

7.0 

u 

- 310 

37 fi 

2.6 

” 220 

40.1 

4 9 

” 328 

43-3 

8.1 

~ S80 

3^-4 

4-2 

14 

310 

33 ■« 

^^3 

-- 250 

j 26 

0 5 

^ 230 

32^0 

1 

— lllO 

26.8 

i 

t -3 


Variation of IRal and Cn/ unth Frequency 

Fig. 3 shows the variation of /R,,/ and C«/ with frequency for all tubes 
over the range 6-15 Mc/s. It will be seen that /Ro/ for A44aand AC/SG 
decreases more or less smoothly with increase of frequency, for SG 215 it 
increases to a maximum value at 8 Mc/s and then decreases smoothly with 
increase of frequency and for 32 tube it decreases to a minimum value and 
then increases smoothly with increase of frequency. The variation of /Ro/ 
with frequency for .SG 215 appears to be exactly opposite to that of 32. 
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It will be observed that the nature of variation of C^/ with frequency for 
all tubes over the range 6*15 Mc/s is similar to a combination of resonance 
and anti-resonance characteristics. For AC/SG, A 442 and 32 tubes C«/ 
decreases with frequency to a minimum at 8 Mc/s, then increases till 10 Mc/s 
and subsequently decreases. For SO 215, it increases till 10 Mc/s, then 
decreases till 12 Mc/s and subsequently increases again. 

M A vS U R K M 1 ^" K T vS O V ” AND *'Cpr '* 

O V H R R A N Ct 20-40 Mc/s 

Measurements were carried out on dy natrons obtained from the same four 
tubes mentioned in Sections 3 and 4 over tlic range 20-40 Mc/s. The working 
conditions and a.c. revsistance (static) were the same as those mentioned in 
Section 3. 

Table IV shows the measured values of -R,,, and C^/ at different 
fre(|nencics. Measurements on each tube were made at a constant h.f. voltage 
at all the frequencies. 


Tabi^h IV 


.9 

SG 21S 


AC/SO 



•V 442 



32 


C 

aJ y- 

II. Voltaic- 


11 . F. VollMgc 

-0.4' 

H. F. Vi)ltHKC = 

-0.4’' 

II. !•'. Voltage 

« 0.4^' 


— R u or 

R. 

c. 

C-/ 

— R „ or 

R. 

c. 

C., 

-U„ or 

R. 

c. 

c., 

““R« or 
Ra 

c. 

r 


ohms 



oh ins 

fifiV 

MiuF 

ohms 



ohms 

HfA.V 

fxfiV 

2U 

— 2S6 

lOQ 

47 

“400 

147 

«5 

“185 

767 

14.7 

-345 

84 

23.0 

22 . S 

— ig6 

109 

42 

-’37 

140 I 

73 

-^75 

76.7 

9-7 

“339 

S77 

20.7 

-5 

126 

184 

114 

“I82 

f(2.8 

12.8 

“ 1 69 

Ily 

49 

— 180 

gj.o 

21.0 

^ 7 -,S 

- 126 

184 

114 

— it6 

122 

5 ^ 

- j,So 

109 

40 

“1 39 

102 

32 

30 

-5^ 

178 

99 


1*5 

36 

-84 

115 

36 

-S3 

93 4 

14.4 

3 ^-.S 

“ 126 

201 

115 

“54 

153 

67 

-79 

T 47 

61 

“ lOO 

92.4 

6.4 

.35 

- 101 

24S 

I 5 « 

+ 14.3 

108 

18 

— 104 

162 

72 

— 107 

95 « 

5.8 

37-5 

-98 

311 

205 

+ 3 ^ 

S7 

14? 

“36 

187 

81 

“I03 

ii6 

10.0 

40 

+ 20 

120 

8 

4-714 

89. 2 

147 

+ 44 

75 

73 ? 

“ 5 ^ 

123 

1 

170 


On the Posiiive sign oj the Resistance componcfU mcasufcd at 
some of the high frequencies 

it will be seen from Table IV that only for 32 the resistance component 
has been found to be negative up to 40 Mc/s, for SO 215 and A 442 it has been 
negative up to 37,5 Mc/s and for AC/SG it has been negative u]) to 32.5 Mc/s. 

This deviation for some of the tubes at frequencies higher than a certain 
value may be due to one or both of the cavises given below. 
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(1) The valuer of It, and ly ol>tained at frequencies above 37.5 and 
32*5 Mc/s foi SG 215 and A and AC/SG respectively may not have been 
correct due to loss by radiation from tube systems, portions of ciretiit, etc;, 
at these high fveciuencies. 

(2) A very large amplitude oscillation (or possibly a very large amplitude 
oscillation with amplitude increasing with time as in a negative resistance circniit) 
whose frequency is the same as or near about that of the impressed h.f. voltage 
may have been set up due to either the “amplification effect'’ of the type 
found by the first author elsewhere or the “resonanct*’' effects in the tube 
system or due If) both the causes and caused impairment or break-down of the 
negative resistance condition. 

Variation of iRcJ nnd C'af with frequency 

Fig. 4 sliows the variation of /R^/ and Ca Mvitli frequency foi all tubes 
over the range 20-40 Mc/s. It will be observed that the variation of both /R^ 
and with frequency over this range is more complex than that over 

1-6 Me/s and 6-15 Mc/s ranges. 



h\)i S(t 215, AC/vSG and 32, /R^i/ first decreases then increases to decrease 
again presenting a wavy characteristic; and for A 442 it decreases with frequency 
though not in a smooth curve. 

For SG 215, AC/vSG and A 44 2, C,,/ varies with frequency iu a wavy manner 
whereas for 32 it first increases and then decreases with frequency. 

1) n V E N D n N C K 0 F /RJ. C. A N D C„r U F N THE 
O V K RATING II. F. V O E T A G E A M V h X T P D E 

/R«/, Cfl and Ca/ were measured at different values of V, keeping the 
frequency constant. V was obtained accurately from the lauduct of In and r. 

Tables V, VI and VII show the results of measurement at 3, 10 and 30 
Mc/s respectively for the four dyuatron units operated tinder conditions men- 
tioned in Section 3, 
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TABi.ii V (at Mc/s) 



S G. 215 


r 

AC/SG 



A 442 




3 ^ 



1 

i 


c. 

c., 

! 

V 1 

1 

-K. |C. 

e 

V 


Cm 

c„, 

V 

j 

t\ it:., 

! 

volts 1 

oil ms 

/i/xU 

fifxV 

volts 1 

ohms \fjLixV 

At All' 

volts 

ohms lAiA^r l/iAih' 

volts 

1 

ohms Iju-aiT'' 

AiAtl 

6.1 . 

— 3900 

66.3 

27. 3 | 

6.1 j 

-4460 j.sS 3 

19-3 

3-0 

-~-^5uo '87.6 

48.6 

Ui 

- 401)0 

28.6 

16 i 

U -5 * 

- 5210 

7^-0 

35 j 

12.5 , 

- 5.-^30 ]6S 

2g.o 

6.0 

“■ 6250 

75 --^ 


20 

■ 3976 

31-2 

24.; 

; 

--(I31U 

63 -3 

22.8 ^ 

18.5 i 

70^0 |6i 6 

22.6 

7 3 

-502^ 

75 

36.6 

^5 

- 333 <^ 

n .4 

7-^1 

2t».() ' 

-™/ 13 go 16 1. 6 

1 


— 0410 |»St).9 

21-9 

8.0 

~ 5 io(» 

76 i) 

.^ 7'9 

40 

-<l 3 .w 

^ 5^7 

12, i 

2J.8! 

-4170 163.2 

,24.2 

25 1 

-5950 ;6i.5 

22.3 

10.4 


76.8 

:v;.8 


-44:10 

J 6 . 2 

‘ 

^7 5 1 

-5320 

62.2 


.iS.S j 

-4310 164.6 

25.(1 

12 . J 

— 4690 

76.7 

37.7 



— 

— 

30 0 j 

-5100 

fv-s 

24-5 

i 





~~~ 


— 



i 


'I'ahIvK VI (at lo Mc/s) 



215 


AC/S( 

\ 

jr 


A 44: 




32 




" R.. 

C„ ic., 

1 

1 

1 

V i 

-K. 

C„ iC., 

I 

V 



t',.r 

\' 

•-Ra 

c„ 

c. 

volts 

ohms 

fLfiV fipiV 

! 

\(.)lt.s 

uhTllS 

I 

I 

A<Aih' Ag'^C 

volts 

ohms 

AiAtl' 


volts 

ohms 

! 

ImmI’ 

fLfJ. 

•* 59 

- 357 

91 5 53-3 

1-59 ; 

- - 14 ^ 

7«-5 i-l'-’-.t 

1 59 


i 7 .v 5 

37-3 

I 59 

443 

jS; 8 

49 - 

2 30 1 

- A 7 >i 

58.(1 20.4 

- 3 1 

- S-U 

1 7 8 

-i -3 

- .178 

f'» 3.8 

25 6 

2.3 

402 

I.S 4-4 

16 

3 H) 

- .S«^ 

3'J.a ; 1.0 

3 19 i 

- T042 

56. S '18 0 

3*9 

- 521 

I46.6 

8 4 

274 

- 361 

> 45-2 

7 - 

4 07 

'IJ4O 

146 (1 1 7.6 

4.07 

- 735 

49 4 

4 - 6 / 1 

’ 1^0') 

‘- 17-9 

8.8 

3-19 

1 -• 3 «'l 

,46.1 

7 - 

A 78 

- 555 

4341 1 5.4 

4. 78 , 

- 653 

145-4 1 7-2 

4 7 « 

- 840 

'il 3-3 

.S-l 

4.16 

1 - 177 " 

46 J 

I. 

5 - 3 J 

- ^'53 

■ 13-6 1 S -4 

5 - 3 ^ i 

- 4 Q 2 

39.3 ! i-f 

531 

- 735 

; 42-4 

; 4.2 

5 2 

j - i6it) 

39-0 

0 . 

(1.28 

- 478 

41..; 1 3.0 

1 

6.18 1 

"■ 44 ^ 

I39-4I 1-2 

1 1 

6.28 

5-1 

4 3 9 

4.8 



i 

I 


Tabuk VII (at 30 Mc/s) 



SG 2r:> 



AC/vS( 

X 



A 442 



3-! 




-Ra 

C„ 

c., 


-Rm 

c,. 

1 

c\.. 

V 

-R« 

1 1 

i-i 

C\.. 


' R« 

c„ 

1 

Cm, 

volts 

ohms 

At/il' 

AImC 

volts 

ohms 

At/xh' 


volts 

ohms 


/i/iF 

volts 

ohiirs 

/iaxF 

fXflV 

0.12 

-158 

igi 

1 J2 

0.14 

—122 

258 

179 

0.20 

-327 

■188 

log 

0.27 

- 34-6 

ji; 

380 

0.20 

— 104 

2 10 

131 


•-108 ' 

199 

3 20 

o.ag 

— J20 

656 

71 

0.47 

- «5 

93 

14.0 

0 27 

- 

178 

99 

0.27 

- 58 ; 

j8g 

110 

0 35 

- 84 

I124 

45 

u 6j 

-1.7 

86. g 

7-9 

0.33 

- 55 

142 

93 

0 35 

- 38 , 

121 

42 

U.46 

- 84 

i 98 

19 

0 77 

-263 1 

65.0 

25 0 

0.40 

46 

97 

18 

0,40 

-■ 43 


36 

0.55 

-* 80 

! go 

J 1 

0.93 

-io 4 

, 71*3 

31 3 

0.46 

“ 59-5 

114 

35 

0.50 

- 46 

TOI 

22 

0.65 

- 80 

i 80 

3 

1 .08 

- g6 

; 57-^ 

17.2 

9.53 

- 66 6 

104 

25 

0.56 

- 44 

84.4 

5-4 



i 


1.20 

86 

54-5 

M-5 

0 65 

- 63 

93-2 

14*2 

0 63 

- 43 

82.0 

3-0 



1 

1 

1 




1 

1 


Variation of flial and Caf with H.F. Voltage Amplitude 

Measurements in Tables V, VI and VII show the variation of /Ra/ and 
Caf with h.f. voltage at 3, jo and 30 Mc/s resi>ective]y. 
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At 3 Mc/vS, Caf for all tubes decreases in ^^^‘ueral with increase of voltage—* 
fust increasing, then decreasing with slight increase subsequently ; and /R^/ 
for all tubes except 33 at first increases and then decreases, giving peaky 
curves. Foi 32, /K«/ remains constant, then decreases and subsequently rises 
nmghly to the initial values. 

At 10 Mc/s, for C„/ for vSCi 315 and AC/S(i at first decreases and then 
increajjes slightly to decrease again and for A 442 and 32 it decreases with 
increase of voltage ; and /Ra/ for all lubes increases initially to a peak value 
to decrease subsequently. 

At 30 Mc/ S, C, I ^ for all tubes except 32 decreases iii general with increase 
of voltage and for 32 it first decreases and snl)seqaently increases with increase 
of voltage; and /k,,/ for all tubes except 32 at first decreases in general with 
increase of voltage (though not in a smooth curve) and then remains roughly 
conslanl and for 32 it first decreases, then rises to a peak value to decrease 
again. 

7 . 1 ) 1 >S C U S SION O N T II K N A T 1 J I< K OP V A k I A T I O N O V 

/R J W 1 II V l< O IJ E N C Y 

According to Hartshorn, the internal resistance of a triode decreased with 
increase of frequency. 

’M iti a and vSil worked out a variation of internal resistance with frequency 
whieh differed entirely from llartsliorn’s theory . According to their calcuhition 
the internal resistance of a triode would Ik* independent of frequency for 
frequencies lower tlian a certain value, say * f ' Mc/s, and would increase gradu- 
ally w^itli increase of frequency for values higher than ' f ’ Mc/s. 

kao found lliat the internal resistance of triodes used by him at first 
deci eased with increase of frequency till 1.0 or 2.0 l\lc/s (depending uiioii the 
lulie) and tlien increased steadily with increase of frequency, liasak found 
that the resistance of anode — screeu^grid space of a screen-grid lube under 
normal condition decreased with increase of frequency over llie range 0.5 — i.o 
Mc/s. 

HolJman and Thonia showed that the resistance ot electronic medium 
inside a tlieriiiionic valve would decrease W’ith increase of freiiueucy from very 
low to \ ery high frequencies. 

It will be noted tliat measurements of internal resistance w^ere carried out 
by majority of wairkers over frequency ranges which were not large enough 
for any definite deduction as lo the general nature of variation of /Ral with 
frequency lo be made, and furthel' the effect of amplitude of h.f. voltage impress- 
ed between plate and filament on /R,,/ w^as not considered at all, since thisw^ould 
also modify the nature of variation of jRaj wdth frequency unless the h.f. 
voltage amplitude was adjusted to the same value at all frequencies. 

The present wmrk along wdth the first author’s previous w^ork relates to 
variation of /R^/ of screen-grid tubes under secondary emission condition 
with fiequency over llie range 0.5 Ivc/s — 40 Mc/s as well as its variation with 
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h.f, voltage amplitude at various frequencies in the range, Compared to 
triodes and screen-grid tubes worked under normal c(mdition, the conditions 
in screen-grid tubes under secondary emission condition afl'ecting the internal 
resistance and dielectric constant are as follows ■. — (,i) The time of stay of the 
elections (T) is somewhat longer o.i x sec., o,i x sec., o.ii x 
sec., and o.y x 10“” sec. calculated for v^(l AC/S(^, A 442 and 32 respec- 
tively) ; (2 ■ the thenuionic current is comparatively smaller and (3) there is 
more uniform distrilmtion of elections in amide-filament space. 

From measurements performed uilh time of slay, lliermionic and filament 
ciineiits, control grid voltage, screen-grid and anode voltages and Ir.f. voltage 
kept constant at all frequencies, it has been found that the law of variation 
indicated by the menu curve derived from the experimental curve is that tlie 
iiileinal resistance decreases with increase of freciuency faecoiding to the inverse 
square law) from very low to very high frequencies in agreemonl with llollniann 
and I'homa as well as Ilarishorn. vSeveral ** turning points “ (more or less of 
the nature mentioned by Khastgir with reference to Kao’s work) are noticeable 
in the expel Imental ciuve if drawn jver a suflicicntly large frequency range. 
From lliesc turning points, as frequency increases, the cm ve can be .seen to rise 
slightly over a frequency band of width varying from less than 1 Mc/s to 
8 Mc/s I'giving an increase of resistance with increase of fretiuency over this 
band) and subsequently to fail at liighei fieqiieiicies. 

If measurement be started from one of these turning jioint fre(|Uenoies ” 
or a frequency higher than tliis, the internal resistance will be found to increase 
with increase of frequency over a band width of 7 to 8 Mc/s. If measurenienl 
be started from a fre([uency less than the turning yioint frequency but is not 
continued beyond that point, an opposite Jaw of variation will l>e obtained; 
and if measurement be continued beyond the turning i^oint frequency results 
similar to those of Ran will be found. 



Fro. 5 
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Fio. 5 shows, the variation of /R„/ with frequency (the values of /R,/ 
at all frequencies having been reduced to those at 4 volts h.f. voltage amplitude) 
over the range Mc/s for AC/vSG, A 442 and 32 tubes. 'I'aking the mean 
curve for AC/SG (drawn r»lain-d(.tted) it will be seen to pass almost through 
all the points lying on the inverse square law curve thereby satisfying the relation 

/l<fl/'^J-\.in accordance with the law of conductivity r (when ««T 

is snfliciently small) given Iry llollinanu and Thoma. 

DlvSCUSSlON ON TiIRI.KCruiC CONSTANT OF F g K C T K O- 
N T C M in> I F F N t) I? R S F C 0 N O A R Y EMISSION (' O N D 1- 
T1 (jN ANO I'J'S DltFIiNDENCR UPON fl.F. O I' I'l R A T I N ( ; 

V < > L 'r A O K ANT) T* R f) TJ JC N C Y 

The dielectric constant of the electronic niediiini lietween anode and filament 
of screen-grid tulies under scc(mdary emission condition has been estimated over 
the range i-,'|0 JVlc/s, from values of C.„ under ‘ filament on ’ or ‘ hot condition ’ 
(as given in 'rallies II, HI, IV, V, VI and VTl) and values of C'ro under 
' filament off ’ or ‘ cold condition ’ (as measured by connecting anode-filament 
capacitance in parallel to the capacitance element of a standard oscillatory 
circuit and observing frequency-change thereby). 

In the past, the dielectric constant of the electronic medium in a screen- 
grid tube (under normal condition) with increase of freijuency has been measured 
by Prasad and Vernia and also by Imam and Khastgir. Prasad and V'erina carried 
out their measurements over the range 0.57-3.7 Mc/s and found their results 
agreeing with the pccle.s-fianuor theory. Imam and Kliastgii ex])crimentcd 
over the laiige ho-75 Mc/s and found that dielectric constant of electronic 
medium bet wesm anode and filament decreased as frequency was increased from 
60 to <),i Mc/s and then increased with further increase of frequency up to 75 
Mc/s. 'I'lieir nicasurements between 64-75 Mc/s did not satisfy the Kccles- 
Parnior theory. Imam and Khastgir further e.xamined the effect of increasing 
filament current, screen-grid voltage and anode voltage on the dielectric constant. 

As in the previous section the measurement of dielectric constant needed 
to be carried out over a sufficiently large frequency range and the effect of 

amplitude of h.f. voltage impressed between plate and filament should also have 

been considered. 

The present studies relate to (i) the variation of the dielectric constant of 
the electronic medium under secondary emission condition with the increase of 
h.f. voltage applied between anode and filament, keeping filament current, anode 
voltage, control-grid and screerijgrid voltages same at all frequencies ; and (2) 
the variation of the dielectric constant of the electronic medium under secondary 
emission condition with increase of frequency keeping filament current, anode 
voltage, control -grid and screen-grid voltages same at all frequencies. 

Variation of dielectric constant 7 uith h.j. opeiating voltage. It will be seen 
from Fig. bn that (n; at 3 Mc/s the dielectric constant varies with increase of h.f. 
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vollagf in a wavy manner though the variation ih snifril ; (b) at to i\lc/s it 
decivasCvS with increase of h.f. voltage tliongii nol in a smoolh curve ; and 
(r) al 30 Mc/s it decreases rapidly will) increase of li.f. voltage ior A<^'/S( 1 and 
A 44:2 hut varies in a wavy niannei for lid»c. tlie variation heing largea' (liaii 
that at 3 Mc/s. 11 may be said that at m and 30 Me s the dielectric constant 
is much greater tlian nnily at smaller values of Inf. voltage and ]»tTomes in 
general less than nnily at higher vrilnes of h.f. voltage. 



/t'! ■ /o' 

MlA - 

Fin. 6 

\‘ai ittlioit oj (ilclcclrlc ronsUnU 'itnlh fitqKcmy. It will he (;hservecl fiom 
I'ig. oh (llie values of dielectiic constant having been reduced to that at 4\ h.1. 
\oltage amjditiule) tliat the curves t>f variation l)et\veen i“4‘^ wavy 

showing i)eaks and dei»re.ssioiis and ((>) the value of ‘K is less than unity t)elween 
7"0 Mc/s as well as after ii IMc/s for AC/Sfi and 32 and aftei i.4!Mc/sfoi 
A. 1 42. The l{ccleS'barmor theory does not hold good for the measuiemenis 
undertaken. 

It lias already been observed by some of the previous w'orkers lor eleciioinc 

atmosphere in other types of vacuum tul)e that the dielectiic constant could 1)i 

sometimes less than, sometimes greater than and sometimes eunal to uint>. llu 

present case aiipears to confirm this vievv-point for the anockvfilanient spatv of 

screen-grid tube under secondary emission comlition ovei i-4’’ lange. 

'fhe effect of much smaller thermionic current and of the lime of slay of the 
electrons shorter compared to the period of h-f. oscillation at lowei 1ie(iuencies 
has been to giv^c v'cry liigh values of dielectric constant (gieatci than unity) at 
these frecpiencies. As fretjuency increases al)ove 10 Mc/s, the time of stay of 

the electrons (in this case) approaches the period of h.f, oscillation. 1 his fact 

together with more uniform distribution of electrons in anode-filament space 
appears to give very low values of dielectric constant (much jess than unitvyat 
frociuencies higher Llian jo Me 's- 

cj^i455P— I 
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LINEARITY'OF NEGATIVE IMPEDANCE ELEMENT 
OVER RANGE 1-40 Mc/i> 

'The variation ol iRai, and Ca/ with h.f. voltage has been considered in 
tJedtion 6. When negative impedance has to he used in a circuit or network, 
the dependence or independence of the magnitude of negative impedance ai a 
ivhole rather than that of its components upon the ainplilnde of h.f. voltage 
impressed is of very great importance. 

The magnitude of negative impedance (that is jZj) has been computed from 
the measured values of /R,,/ and effective capacitance C,,. 

Tables VIII, IX and X show the magnitude of negative impedimee as 
whole as the h f. voltage is increased at 10 and ,^o Mc''s respectively. 
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It will be seen from the tables VlIJ and IX that at 3 and jo Mc/s the 
impedance magnitude for all dynatrons has generally been lower at lou voltages 
and increases to almost constant value at voltages beyond .| t<.> 6 dbs above 
the initial voltage. The dynatrons obtained from Sd 215. AC'/Sti and A .i4,> 
could be regarded for most purposes as linear impedances at the above 
frequencies, Table X shows that alteration in impedance-inagnilude at 30 Mc/s 
for voltage vaiiation of T4 dbs is greater than that at 3 and 10 Mc/s for the same 
variation of voltage. 


I'H S K -.'=i n I P T CAT'S lit) 1 ! Y N P. (i A T 1 V p IMPPI>ANCP, 

E L P, M p; N ']■ O V p: R R a N C P I 17 Jlc/f. 

'I'he phase-shift caused by negative inipedauce element obtained from 
AC/SO tube has been measured by the “ Cathode-Ray ( iscillograph Method ” 
employed by the authm- in a previous paper(Chakravarti, 1043). 

A resistance (w hich is purely non-rcactive at frequencies involved) is con- 
nected in series with the negative impedance element and fed from the h.f. source 
by the usual circuit arrangement. The voltage diops acro.ss the non-reactive 
vesi.stance and the negati\ e impedance element arc ajtplied to two exactly similar 
superheterodyne lineal ampliCers with the same local oscillatorajidthecorre.s- 
ponding l.F. Voltage outputs aie applied lo the respective pairs of plates of the^ 
oscillograph. The phase-shift caused by negative impedance element has been 
obtained from the phase diJTerence measured between the two apidied voltages. 
'I'he phase-shift under similar conditions has also Ijocii calculated from the 
measured values of /K,, ' and C„, given in section 3 and .p 





V/'' /^' ' 

\ / 




- r/iOti fXriftlMLNIAl DAfA 
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Hih - 


Fin, 7 

Fig- 7 shows the phase-shift for AC /SO at different frequencies as 
obtained by cathode*ray oscillograph method as well as calculated from measured 
values given in Sections 3 and 4. It will be seen that over the range i-x; Mc/s 
the variation of phase-shift is irregular since both and have heen found 
to vary differently over different portions of the frequency range- Between j and 
B Mc/s, the phase-shift angle varies inversely as and between 5 and 6 Mc/s 
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.it varies dirertly ns o). lieluecii 6 and 17 jMc s it remains ronglily ooiislaiit 
except for a decrease at j?. Me s. 

A C K X 0 W h K 1) M n N T 

I'he u hole Hie experimental work has been carried out at the Kanodia 
lileclrical (.'ommnniealion Engineering Eaboralorics, Department of Applied 
Physics, UniversiD’ of C'alcutta. 'I'he authors desire to thank very lieartily 
Prof, p, N. (Miosh, Sc.D., Ph.i)., for liis kind encouragement and interest during 
the progress ol work . 
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SPECTRUM OF ACTIVE NITROGEN IN THE 
SCHUMANN REGION 

By B. M. ANAND, P, N. KALI A 

AND 

MELA RAM 

{Rercivrxi for luihlicatinti, Nov, r?, lo^) 

Plate T 

ABSTRACT A review f)f llio tiieoiiVs of active iiilro^^eti is ^iven. K^cpeiiinents hv the 
fliilliors In study the emission and absorption spi'elntni c^f tlie afterglow in the Pchnniann 
region with one nu-tre ncji inal ineidence \'aemuii spccln>graph are described, gpedif'scopic 
cvidcnee which is laodnced, ja against the atomic }j3 pothesis and supports the niolecnjar ' Jiatinc 
of the phenomenon. 

Tlie plieiioinenon of afterglow of nitrogen was discovered by IC. P. Lewis 
(lyoo) by i)as.siiig condensed electric discharges in tubes Ihrougb whicb nitrogen 
was flowing. He observed that the gas continued to glow witli a yellow colour 
as it came out of the region of discharge. The luminosity, however, steadily 
diminislied until it entirely disappeared. The nitrogen in this form is capable 
of reacting with several substances very easily and vigoroiusly and has, therefore, 
been given the name of active modification of nitrogen by Lord Rayleigh (1004) 
who has done a great deal of experimental u oiL to elucidate its nature. 

At one time Lord Raylcigli believed that the con.slitutiou of active nitrogen 
was similar to that of o/one. I 'ndcr the action of the discharge .some of the Ng 
molecules decompose into atoms and combine with molecules to give what , may 
be called tri-nitrogen fN;i), according to the equation 


Nii + Ni = N3 

and fviitlier that combines with Ni to form 2N2, 


N 3 + N 1 = aNjj 

and in doing so radiates light. 

As the change of volume experimentally observed in the process of conversion 
is, however, quite different from that expected on Ibis basis, and further the 
more recent measurements of Wrede on pressure changes also do not .support it, 
the hypothesis so far has not found any favour. 

Saha and vSiir (1934) then put forward a new hypothesis. According to 
them the Lyman-Hirge-Hoplield hands lying in the vacuum region ari.se from a 
level which is nietastahle and the energy content of the molecule in this .state 
was considered to he of the order of S volts or so. Saha and Sur suggested that- 
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the excited iiiolecule parts with its energy by a collision of the second type with 
another molecule which when it returns to the norma] state gives rise to the 
phenomenon of afterglow- At the time when this suggestion was made, 
knowledge of the molecular siicctrum of nitrogen was very hieagte and therefore 
in the light of the analysis of the band spectrum of nitrogen which he carried 
out, Wirge (ii.)2/\] modified this hypothesis, and to the extent that an energy- 
conleiil of 1 1 ’/i volts was assigned to the melastablo state. He also suggest 
that the function of impurities which are found to l>e necessary for the produclioii 
of xictive nitrogen, is to absoil) the free electrons, which would otherwise permit 
an easy and direct passage to tlie normal stale. 

Fiom an analogy with active hydrogen which is known to be atomic 
hydrogen, u handy explanation suggesls itself that active nitrogen is also atomic 
in nature. Indeed, Lewis had suggested that chemical and luminescence 
phenomena aie due to the energy set free by the recombination of two atoms, 
'riiis would mean that tlie molecule formed by the recombination of two atoms 
possesses the energy of dissociation in the form of the energy of excitation. 

For obvious reasons v^ ilh our present-day knowledge of molecules such an 
idea without further modification would not be tenable. Spoiler there- 

foie, tried to cxi)lain aw^ay the difficulties by iiitrodiicing the hypothesis that the 
discharge dissociates the molecule into two atoms, and wdien two of such atoms 
recombine in the i)resence of a thiid j)arlicle, phenomena associatedwiththe 
active stage occur. The extraordinarily long life of the afterglow is thus due 
to the rare occurrence of such collisions. The third partner in such collisions may 
be a normal nitrogen molecule of any other foreign molecule or atom whiclf takes 
up the dissociation energy which is li!)eraled and given out eventually as radiation. 
The strongest bands in active nitrogen have theii upper stales corresponding to 

IT, of the B( 'H) of and are situated in the visible region giving rise 
to the golden yellow colour of the a^terglow^ According to S[)cner, therefore, 
the energy of excitation of these bands corresponds to the, heal of dissociation 
of Na. 

'idle three body collision hypothesis did not come in direct contradiction 
with any expeiimcntal facts. Indeed, it is supimited by the decay curves which 
indicate that the decay of the afterglow is either a biiiiolecular or a trimolecular 
reaction. But as further spectroscopic data became available, the value ti.6 volts 
assigned by Spouer for the dissociation of molecule in two atoms in slates, 
was found to be too high. 

These circumstances led Cario and Kaplan (1Q29) to develop a new hypothesis, 
which was really a modification and combiiiatioii of the previous views, for it 
required the presence of mctastable atoms and metastable molecules as well as a 
three body collision. According to this hypothesis, atomic nitrogen is formed 
by the discharge. As two such atoms combine in a three body collision wdth a 
molecule of nitrogen, dissociation energy amounting to 9.5 volts is liberated and 
this is sufficicnl either to lake the molecule to the nietastahlc state (which requires 
only 8 voltvs) or to excite any other atom (the third body) taking part in the 
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collision, but is not sufficieiiit to excite the afterglow.. The necessary equation 
is as follows : 

N2+Ni + Ni=N.2 + N '9 

N'a indicates the nitrogen molecule in the uictastable state When two 

such excited molecules N'a collide together, an energy of i6 volts goes towards the 
dissociation of one of the two molecules and is used up in changing the two atoms 
from a normal state to a metastable state. Thus 

N'2 + N'2 = N2+N'i +N'l 

N'l and N'l indicate two uietastaljle atoms. The total euegy of itS volts is more 
than suflicieiit to dissociate a inokcuU' wliich reciuires only g.5 volts. The 
rest 6.5 volts is divided betuceii the two atoms, each one being loaded with an 
amount of energy neaily ,^.3 volts. Comi)ton and Boyce have shown from 
spectroscopic investigations that for the nitrogen aloiti, the two metastable 
states (“D and “iq have tlie energy-values of e.37 and 3.50 \olts respectively. 

According to Cario and Kaidaii (igeo) the afterglow is given out when 
a metastable molei'ule collide.s with a metastable altnn of cither type. Thus 

NAi;bS) + NT(3.5b)-N/Iil3,,(ij.56) 

NAiiiS) 1 Nn>U.37) = N,MB.(io.37)- 

These are excited levels involved in the prodtictiou of the afterglow correspond- 
ing to 11.56 and 10.37 volts, giving rise to certain bands of the hist positive 
system selectively intensified. 



tl^ctt*onir Lpipls of N? 

Fio. 1 

In the light of further work on the analysis of the molecular .siiectrum 
of Nj dud also on the basis of the work done by Okubo and Hamadu (i933«) on 
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lliL’ cxcilati(jii of s]>uclruiii by active nitrogen it l^ecoines at once apparent that 
this liypotlicsis needs niodificatiun. According to the oiigiiial theory of Cariu 
llic values of energies available ill active nitrogen were S.o 10.37 

and u‘56 The lines observed by Okubo and Ilaniada have an excita- 

tion potential of 0 5 volts or less. 

The discovery of Vegard-Kaplan (1930) bands (Fig. j) also pul the question 
of energy values in doubt. Vegard observed bands in solid nitrogen 
vhich he later also associated with cuilaiii bands in the spectnnn of Aurora 
Borealis. Kaplan (i03(>) by designing a special discharge tube showed that 
they could be ohseived in N- gas and alter working out the vibration analysis 
proved conclusively that the lowei state of this system coiresponds to the nonnal 
state of the molecule. 'I'lie value lor thus conius out as volts, lu the 
light of these woiks, tl'^e energy values of A'^^ and F»'M1 are jmxlilied to ^>. nt and 
7.34 volts resiieclively . 

As a result ui vSeries of exi)erinjents e'arried out in oxygen -11 itiogen mixtures 
excited by raindly internipteel weak discljaiges Kaplan lias obtained an after- 
glow which has been culled by him Auroral afterglow to dififerenliale it from 
tile usual I/ewivS-Uayleigh phenouieiiun- It gives the amoral green line due to 
oxygen A5577 (kS^ MkJ. Accoidiug to Kajilan the meta.stable nitrogen mole- 
cules in A'^^ state are present only in the Auroral glow and not in the Kewis- 
Rayleigli glow . Wlien the pressure is high the Auroral glow- gives out in 
addition the forbidden lines of nitrogen coriesi»onding to ^F“>kS aiid " I)*^''S 
traUvSitions, proving the existence of nietastable nitiogen atoms in the afterglow . 
The inetastable nitrogen atoms are not produced directly but are supposed to he 
produced by the dissociation of the molecules. 

Kaplan and Rubens (rq^^io) have studied the behaviour of the Auroral glow 
w itli time and have observed that the intensity of the forbidden line A 3467 
(^P— \S) increases with lime in the early phase of the afterglow . To explain 
this, they have postulated the existence of some inolecuies whose number in- 
creases with the time elai)sed and their raind x^redissuciation causes the appearance 
of tlie forbidden lines. These tenq)oral cflocts have also been obseived in iiitro- 
gen-heliimi mixtures and the large intensity of the forbidden line has been 
explained as due to either the prevention of diffusion of inetastable nitrogen 

atoms to the walls or the increased [)redissociation of molecular nitrogen in 

the presence of helium. 

Hebb and Spoiler (1941) have now proposed a inodifiication of the old 
triple collision hypothesis, according to which the energy of the afterglow is . 
stored partly as the energy of dissociation of nitrogen molecule into normal 

atoixb and i>arHy as the excitation energy of inetastable ^ 1 ) atoms. A atom 

lecombines with a normal atom in the prc.sence of a third body directly into 
B ‘Ml stale wliich is llie upper state of the afterglow bands. 

From the review* of the present theories of active nitrogen which has been 
given above, it would appear that the view, that atoms of nitrogen in some stale 
are present in active nitrogen, is generally finding favour. This hypothesis, 
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however, up to this timj^ lacks a direct experimental coullnnatiom It may be 
iiienlioued that Cario (193^) aiul Kapiaii (^<)^^) have cited the results of Wrede 
(U)2q) and others on the observation of the pressure changes due to the diflusion 
of the products of the discharge, in support of their hypothesis of the presence 
of atoms of nitrogen. But, as has been pointed out by Saha and Mathur 
these experiments only prove the existence of these entities in the region of the 
discharge and it remains an 0{)en question whether they are also present in active 
nitrogen in the side tube- Kichlu and Acharya (lojo) did not succeed in 
getting any line of nitrogen at S200 oil their plates though such long exi>osure 
W'ere given that even the weakest bands of the first positive grouj) were clearly 
visible up to 8900. The experiments described in the i>resent paper were undei- 
taken to photogiaph the sjJCLtruni of the afterglow of nitiogeii in the Schumann 
region at about A 1700 A where the resonance lines of atomic nitrogen <lue to 
the transitions — 2/’^ 3.s‘, 2/?^ 31/ are situated. 


K X P h] K I M !• i\ A J. 

Nitrogen obtained iiom a coiimieicial cylinder is collected in a laige glass 
jar provided vAilh a side lube at the butioni and [dacecl in a water tumgh. By 
uieaiis of a tube [ml at the loi) it could be drawn out and i^issed thiough freshly 
cut chips of phosphoius contained in a bottle in order to remove traces of oxygen. 
After passing successively through calcium cliloiide tower, a phosphorus 
pentoxide tube and a capillary tube for partial regulation of the stream, the 
nitrogen entered the discharge lube provided with three electrodes (L., li.j, 
hi;;, 1^2 Being conneeted together and earthed. The gas is excited by a condensed 


Slot \I(tw 



V/iCUUNf 

5rfcTPO',i;A"#f 


Jmg. 2 


discharge i>iovided by a ibooo-volt transfoianer with ca[jacity and s[>aik gai>. 
The special construction of the discharge lube is shown in Fig. 2. The 
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end G is sealed on to the one-metre vaciuim grating spectrograph of this 
laboratory. The passage between the slit and the lube is closed with a fluorite 
plate. The observation tube, about 30 cms. long, is collimated with respect to the 
spectrograph and is put in such u way that no light of the discharge enters the 
The gas is drawn out by an oil pump which sends the gas back to the reser- 
voir. A number of stop-cocks are pul in the circuit for adjustment of la'essiire, 
etc. The arrangement is perfectly automatic and needs looking after only 
occasionally. l\xposiire is started aftei the gas has attained the characteristic 
yellow colour of active lalrogen as ol>serve(l by the first iK>sitive group. The 
vacuum s[)ectrograph has a (lisi)ersion of about 1 7. 5 A per iiiillimctre in the first 
order and is adjusted to take spectrum between looA and .>oooA in one exposure. 
In the piesent case tlie fluorite plate lestricted the .short wave-length limit to about 
1:^50 A. 'riie Schuiuanii plates used were prepared in tliiss laboratoiy. 

Several pbotographs of the specUuiii of active nitrogen with varying leiigllis 
in one case extending to 53 hours of exi)osure were taken. Jn none of tliese 
plates was there even the slightest trace of tlie lines of atomic nitrogen. The 
experiment of course cannot be advanced as an argument against the liypulhesis 
Cario and Kaplan according to which the atoms of nitrogen may exist in melas* 
table state and*P of ::lr' coufiguiation and may not exist in any of the stales 
behniging to the configuration 2 p.“ 3 ,s. but it docs show that the analogy of the 
parallel properties of active hydrogen and active nitrogen cannot be stretched too 
far, inastnuch as active hydrogen .show^s Ikilnier lines strongly and would, if the 
experiment were tried, also show the Tyman series. 

A crucial test should lie to observe tlie absorption spectrum of active nitrogen 
in the Schumann region w'here llie resonance lines of atomic nitrogen arc situated. 
According to Carlo and KaplanT theory, active nitrogen is composed of atoms 
ill the states ('"*!), ‘‘^P) and tlic absorption cxpcriuient sliould sliow' the follow- 
ing multiplels in reversal ; 
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Tlic apparatus employed to test this point was essentially the same as described 
before. The phosphorus bottle*was, however, dispensed with and in addition 
more effective drying arrangements were used. For continuous spectrum the 
radiations from a hydrogen discharge tube taking 90 mu. at'1500 volts was used. 
This tube was sealed end-on t<i the tube through which the afterglow was stream- 
ing, and to avoid the mixing uj) of tlie two gases a fluorite window was provided. 
A fluorite window was also sealed ou to the slit of the spectrograph. The length 
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of the afterglow, through which the radiations from the hydrogeti tiil>e passed iiiid 
fell on the slit of the one-metre vacuum grating spectrograph, was about 14 cms. 
The glow was very bright and was steadily inaiutained at -a i»ressure of about 
7 mm, The electrodes of the discharge lube near the spectrograph were care- 
fully earthed, so that the afterglow streamed through a field-free space. Tlie 
active nitrogen was formed by a condensed discharge from a 20,000 volts trans- 
former taking about 300 watts. 'I'lie Schumann piates used were i)repared in the 
laboratory and an exposure of five houis was found to be enough. 

U li S V 1, T S 

Plate I shows Iwo of the spectrogiauis taken, “a " shov\s the discharge 
alone fi (uii the hydrogen without any active nitrogen. This [>articular spcctro- 
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gram was taken witli an exposure of 3 hours. The contmuous siteclmm goes 
lij'hl npt.0 Ihu bcgitiiiiiifii of Ihe Lyman 112 starting at J674 and can still 

be observed at i55oA. It is perfectly free from any emission lines, i^pectro- 
grain " b " is that of the light after passing through the afterglow. The usual y- 
aiid rt-bands of NO and the fourth positive bands of CO observed by Knauss (1928) 
are clearly visible in emission but theie is absolutely no trace of any absorption of 
nitrogen lines and we are definitely of the opinion that an increase of the length 
of the absoibing column would not bring out tlie looked for absorption lines, as in 
the present expciiment the whole of the region of the strongest intensity in the 
allerglow was being utilized for absorption. 

Atlciitioii may be drawn to the presence of the /]th positive bands of C( ) on 
oui plates. No C'( ) was introduced in the lube containing active nitiogen, as was 
done by Knauss. 'Cbese bauds must, therefore, be altrihulcd to the combination i 
of the traces (A oxygen i)resent as impurity with the carbon from greases, etc. 1 
*l'lic list given above conuu ises of most of the bands of I he fourth positive \ 
group of CO observed by Knauss and in addition gives a large number of bands ^ 
not recorded by him. Knauss inenlions that he experienced great difficulty in 
photographing these bands and as the intensity was very low the slit had to be 
kept very wide. In our experiments the bands come out easily and with short 
exposures. The accuracy of measurements for most of the bauds is within lA. 
The conclusion of Knauss that only those bands of CO are develo])ed in th.e 
afterglow whose initial vibration states run from t to 6, is confirmed by observa- 
tion on mucli larger mmiber <'f bands lecorded in the i)resci]t work, 'rius fixes 
up the excitation energy between 8.0 and 0.0 volts. * 


1 ) 1 S CU S vS 1 ( > N 

The absence of a 1 )Sorption lines of nitrogen in the and ‘P states does not 
suppoi t the theory of Carlo and Kaplan mentioned before, nor the more recent 
speculation of Hebb and Sponer (1041). This rtsult, however, appears to support 
the viewpoint of vSalia and Matlmr that the atoms occur only in tlie legioii of 
the discharge and the two excited atoms of nitrogen form an extremely stable 
stale <‘f tlie molecule which produces the L. R. afterglow on collision with 
neutral molecule. This view' is essentially the same as proposed I)y Debeau, 
(10,12) a sliorl while ago, in consequence of some experiments on piressure changes 
in the afterglow. 

In this experiment, electrodeless discharge in a bulb containing nitrogen at 
.S m.m. pressure, produced active nitrogen in anothei connected bulb, and at 
tlie same time increased the pressure of the system to almost double its value 
before passing the discharge, flu cooling a small portion of the active nitrogen 
hull) by liquid air, the intensity of lliehfterglow increased near the cooled portion 
and within thirty seconds completely disappeared from the entire bulb. The 
pressure of the system, however, was reduced to its value before the discharge, 
Chi removing the H(|uid air, the pressure regaiiu'd its double value and the glow 
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reappeared first at the cooled portion and subsequently filling the bulb. The 
large pressure cliauges have been ascribed lo llie cotnplete dissociation of nitrogen 
molecules* The products of dissociation consist of atoms ili the normal state 
possessing energy equal to 7.35 volts and the excited mctastable atoms in the 
state. The recombination of these atoms forms a collision complex loaded 
with 9.8 volts energy. This complex on colliding with neutral nitrogen mole- 
cules raises them to certain levels of B 'HI state, which give rise to the afterglow. 
To explain the effects of liquid air he assumes that the life of these complex 
molecules increases with decrease of temperature, a conespotiding decrease 
occurs in the number of atoms and causes the large reduction of pressure 
observed. The increased concentration of (NN) complex at the cooled surface 
is responsible for the increased intensity of the glow, which soon disappears 
clue to the scarcity of more atoms to form the coliisioii complex. The reverse 
process occurs on removing the liquid air- 

This interesting experimenl of the freezing out of the active component 
of the afterglow supports the recent hypothesis of vSaha and Mathur (1936). The 
(NN) complex of Debeau is really identical willi the proposed “some stable stale 
of molecule loaded with an energy content of 9.8 volts*' of Saha and Mathur, 
This “extremely stable molecule" or the (NN) collision complex loaded with 
ahemt 10 volts energy, having a long life lime, persists m the afterglow space, 
c'ollides with neutral iiitrc.)geu molecules giving rise to the active nitrogen 
phenomenon. In our experiments with the Lewis-Rayleigh glow the excitation 
of a large number of C(3 bands of the fourth positive group, and y and 8 bauds 
of NO, clearly showed the activity of the afterglow. But the non-appearance 
of any e mission or absorption lines of atomic nitrogen, in our j)Iales definitely 
proves the absence of “P atoms in the afterglow. In view of tliis spectrosco- 
pic evidence against the atomic hypothesis, we conclude that the afterglow 
phenomenon of Lewis-Rayleigh is primarily due to the activity of some unknown 
molecular state of uitiogen. This would also appear to be supported by the 
experiments of Kneser recently confirmed by Lord Rayleigh (1940b) that a definite 
increase in the luminosity of this afterglow is obtained Ijy the introduction of 
neutral nitrogen molecules. 

It may be that under the conditions for the excitation of forbidden lines 
in the Auroral glow of Kaplan this particular molecular state predissociates to 
form the required excited atoms. But of course 110 evidence for or against such 
a supposition is provided by the present experiments. That atoms are present 
in the region of the discharge does not lead us very far, because they must be 
present even without the formation of active nitrogen, The chief problem, 
therefore, from the point of view of the phenomenon of active nitrogen is the 
identification of the stable molecular state of Saha and Mathur or the molecular 
complex of Debeau. 

The authors are very thankful to Dr. P. K. Kichlu for liis helpful discussions 
and advice which w^as always freely available during the course of these expeii- 
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ABSTRACT. lu this paper, the results of mcosureiiienls of jiowcr factor of a large 
number of samplc.s of mica of different qualities available in clifferenl parts of India are reported 
and their suitability as electrical insulants in electrical industry is discussed. 

INTRODUCTION 

Mica occupies a unique position as an electrical insulant amongst the raw 
materials for the manufacture of electrical apparatus. Owing to many desirable 
physical and chemical properties which it possesses, its superiority over other 
solid dielectrics is but little doubted. In fact, mica, for its exceptional insulat- 
ing properties, is considered an indispensable element for the growth of elec- 
trical industry, especially when a flexible insulating medium to sustain very high 
electrical, mechanical and thermal stresses is necessary, although there are 
limitations to the size of pieces in which it is available. 

This valuable electrical insulation is a crystalline mineral, which occurs in 
various forms and is very widely dispersed throughout the various terrestrial 
strata- But it is relatively in few localities that the mica used in 
electrical industry is obtained in sufficiently large dimensions and quanti- 
ties to be of any commercial importance. Such localities lie in India, Canada, 
the United States, Guatemala, Argentina, Brazil, Madagascar, Tanganyika, South 
Africa, Russia, Northern Australia and Norway. But amongst these countries, 
India is the greatest producer of good quality sheet mica and at present provides 
more than 80 per cent of the world’s demand of this important and unique 
liiineral. With the growing enterprise for the manufacture of electrical appara- 
tus in India, it is realised that the electrical properties of mica available in the 
different localities of this vast country should be studied with a view to ascertaining 
their suitability for different service requirements. 

It is proposed to study in a series of investigations those electrical properties, 
viz., power factor, dielectric constant (or permitivity), dielectric strength 
and resistivity, which are of importance to the electrical industry. It is also 
interesting to enquire how these properties are influenced by variations of tern* 
perature, humidity and frequency. Much work has, however, been done in the 
past by a large number of foreign workers in this direction. The results of the 
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early investigators show wide variations from one another due to many experi- 
mental difficulties. Bui the recent worhsof Dannatt and Goodall (1030), of Lewis, 
Hall and Caldwal (i93J), of Hartshorn and Rustoii (1939), and of Hackett and 
Thomas (1947), are very reliable and supply us with much useful information 
regarding these properties of mica in generah Little attempts have, however, 
been made to carry out a coiuparisoii of the properties of different kinds of mica 
produced in dilTcrent parts of India. Such information is expected to be of great 
importance to the development of electrical industries in this country. In the 
present paper are reported the results of measurements of power factor of Indian 
mica of different kinds available through the (leological vSurvey of India. 

T JI V. M 1 C A op Iv Iv Iv C T R T C A L IN I) U vS T R Y 

To the mineralogists, the following eight different varieties of mica are so 
far known. They arc — 

(1) Muscovite or potassium mica, 

(2) Paragonite or sodium mica, 

(3) Zinw^alditc or lithium-iron mica, 

(4) Lepidolite or lithium mica, 

(5) Pblogopite or magnesium mica, 

(6) Biotite or nuignesium-iiou mica, 

(7) Lepidonielane or ferric-iron mica, 

(S) Roscoclile or vanadium mica. 

These different varieties are classified into two principal groups, namely, 
the granitic group and the pyroxenic group, according to the nature of their 
geological formation. The first four varieties belong to the granilic group 
while the last four, to the pyroxenic group. The members of each group are 
different in chemical composition hut tliey may, in general, be regarded as ortho- 
silicates of aluminium with alkali metals (potassium, sodium or lithium), 
magnesium, iron and fluorine present in varying amounts. They are characteris- 
ed by perfect basal cleavage, yielding readily very thin, strong and flexible 
splittings. Amongst these varieties, only the inUvSCovite and the phlogopite 
mica find applications as electrical iusulants and represent, therefore, the mica 
of electrical industry. They arc available in abundance and in suitable sizes 
for commercial purposes. 

Of the woild’s known deposits of mica, muscovite occurs in a larger 
number of countries than i ilogopitc. In fact, commercially important deposits 
of muscovite mica are found in India, United States, Russia, Norway, Argentina, 
Brazil, Tanganyika and ( ^ uatejnala,, while those of phlogopite mica only in 
Canada and Madagascar. There are, however, many other countries in which 
either of these two varieties or both are lound to occur but they do not hold out 
any commercial prospect. 

The approximate chemical fonnnla of mu'seovite is given as KHoAL 
(SiCbla while that of phlogopite as KH{MgF)a.MgaAl(Si04)a» Besides being 
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almost chemically inert, these two varieties of mica possess many useful 
mechanical properties, such as a high degree of flexibility, elasticity, toughness, 
hardness and ability to withstand heat, for which they are often preferred to 
other solid dielectrics for use in electrical industry. They have, however, 
important differences, which greatly affect their suitability for particular con- 
ditions of service. In fact, phlogopitc is distinctly inferior to muscovite as 
regards rigidity, hardness, toughness and elasticity and does not also split so 
readily. But it is generally more flexible than muscovite and can withstand 
higher temperatures. The .surface of individual sidittings of mu.sc(jvite is 
smooth whereas the splittings of phlogopite have a fine crinkled .surface, which 
is useful for certain purposes. But muscovite mica, because of its sui>crior 
electrical and many mechanical properties, is more in demand than phlogopite 
in electrical industry. 

Almost all the mica de])Osits in India belong to the muscovite variety 
with biotite in frequent association with it, the solitary exception so far know’U, 
being a small occurrence of phlogopitc in the vState of Tiavancore in Madras. 
The economic selection of the correct type of Indian mica for sfiecific engineering 
purposes reiiuircs, however, a knowledge of their occurrence and classification, 
besides an acquaintance with their electrical propertie.s. 

OCCURRENCE OF MICA IN INDIA 

There are many localities in India where muscovite mica occurs in the 
granitic pegmatites associated with mica .schists. Bihar, Madras and Rajputana 
are at present the three important mica-producing centres. Amongst them, 
Bihar is the largest and produces about more than 75 per cent of the total 
production of mica in India. Madras comes next in importance while the 
mica deposits in Rajputana have only recently been commercially exphrited. 
In addition to the.se three principal centres of mica deposits occurrences of 
mica have also been recorded in other parts of India. 

The important mica centres irr Bihar lie in the districts of Hazaribagh. 
C'«aya and Monghyr. Hazaribagh contains the best mica reserve irr India. 
Kodarma in this district is the large.st centre of block mica while fliridih claims 
to be the largest centre for the finest class of mica splittings. Mica deposits 
in Manbhurn and Bhagalpur districts ha\ e been of late commercially exploited. 
There are also occurrences of mica in Singhbhmn, Palamau and Santa] 
Pargauas. 

It may be mentioned here that the present Br.i)J Mi nk'fe-. ~iield .was included 
within the province of Bengal till 1912. Mica jiroduoH^lr^SijiS ■ tSbU was there- 
fore called and in fact is still known commercially as Bengal mica. At present 
Bengal proper does not produce any mica of commercial value, only a scanty 
occurrence of it having been recorded* in the district of Baukura some year.s 
ago. 

’I'he chief mica deposits in Madras occur in the district of Nellorc. There 
are a large 'number of mica mines in this area. Deposits in other districts, 
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viz., Nilgirib, Coimbatore and Malabar, are not coimnercialiy very iniportant. 
Mica occurh also in the tstates of Travaucore and Mysore. I'he most important 
centre of mica mining in Travancore is Kraiiiel. Travaucore mica is principally 
plilogopite. Mica-l)earing rocks in Mysore lie in the districts of Haasan, Mysore 
and Sringeri Jaligir. An occurrence of mica is also recorded in Coorg. 

The third important mica deposit in India occurs in Rajputana in Central 
India. The major part of this deposit falls w'ithin the British territory of 
Ajmere-Merwara. There are however many States in Rajputana, namely, 
Jaipur, Tonk, Kishengarh, Sirohi, Udaipur, Shahpura and Jodhpur, where 
deposits of good quality mica have been found and in some cases commercially 
exploited. In addition to Rajputana, there are a few other States in Central 
India, such as Tehri, (iwalior, Jhabua, Rewah and Ja.shpur, w’here occurrences of 
mica have been also reported. 

Mica deposits in the Central Provinces occur in the districts of Balaghat and 
Bilashpur, and also in Nandgaon and Bastar States. Bui they do not ajjpear 
promising commercially. The Patiala State and the Kaugra district in the Punjab 
as well as flarhvval in the United Provinces contain also good deposits of mica. 
In the newly-formed province of Orissa, occurrences of mica have been found 
in the districts of Sambalpur and Ganjam and also in the vStates of Mayurbhanj, 
Bamra, Ganpur and Bouai. 

It is next of importance to enquire into the classification of the mica 
produced in the aforesaid localities. 

CLASSIFICATION O !■ INDIAN MICA 

Indian mica may in general be designated after the name of the province or 
locality of its occurrence. It is however usual to classify the muscovite mica, 
which is India’s principal production, into two main types according to its 
colour, namely, ruby muscovite and green muscovite. 'ilQhe colour of ruby 
muscovite varies usually from light brownish-red in thin splittings to dark 
ruby- red in thick plates. Green muscovite varies from green to greenish-brown 
and .sometimes to dark in very thick plates. Besides these two types, white 
and brown muscovite micas are also found in certain localities. Clear muscovite 
mica of any kind is, however, colourless in very thin splittings. The special feature 
of Bihar mica is its characteristic ruby colour. Green, brown and white micas 
are also occasionally found in Bihar. Madras mica is characteristically of the 
green muscovite type with only one exception, namely, that of Kalichcdu mine, 
where pale ruby type is found. Rajputana mica belongs to both ruby and green 
types. 

According to quality, each type of muscovite mica may be further sub- 
divided into various kinds, such as clear, stained, spotted, slightly stained, 
heavily stained, slightly spotted, heavily spotted, stained and spotted, etc., 
depending upon the presence of impurities and inclusion in it. This method 
of classification is also adopted in trade. 
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In the present investigation different SHnii)les of mica of different kinds, 
which could be secured from different localities, have been tested for their 
power factor, whose knowledge is of fundamental importance for their use in 
electrical industry. 


r> O W E R FACTOR 


It is well known that a perfect dielectric ha.s only one electrical property, 
namely, that of specific inductive capacity or perniitivity. When a sinusoidal 
voltage is impressed, the current that flows through it, leads the voltage in 
phase by jr/3 radians. But in none of the .solid dielectrics this ideal phase 
relationship bctweeji their current and voltage is satisfied. In fact, the phase 
difference l)et\veen them is found to be slightly less than e. This defect from 
the ideal i)hasc relationship is known as the " loss angle ’’ of a dielectric while 
the sine of this angle gives a measure of its power factor. Thtis if the loss 
angle of the dielectric is denoted by 8, its power factor is given by sin 8. 
When 8 is very small, sin 8 may also be replaced by tan 8. A knowledge of 
the power factor gives at once an idea of the power loss in the dielectric. 
The larger the value of power factor, the greater is the magnitude of the 
dielectric loss. Hence the importance of power factor measurements of 
dielectrics for ascertaining their usefulness in electrical industry is evident. 


The ]iower factor or the dielectric loss of mica, available in different parts 
of the world, has been the subject of a very large mnnlrcr of investigations. 
As early as igi2 Symons Walker (1012) made an attempt to estimate its value for 
different kinds of mica. Since then the experimental teclmicjue and methods of 
its measurement have been much improved and very leliable data of its value are 
available. Amongst the several investigators, Dye and Hartshorn (1924) estimated 
the power factor of the muscovite variety of Indian mica known as Bengal 
ruby, Madras green and Madras browm micas of different qualities, namely, 
clear, stained and spotted. But they used a method which does not admit of 
great accuracy. U.siug a Schering bridge, Dannatt and Goodall (1930) obtained 
very accurate data of power factor of ruby and green varieties of clear muscovite 

mica as well as of amber mica and studied the effects of temperature, stress and 

frequency on their power factor over a range covering the working conditions 
met with in electrical engineering practice. ITnfortunalely, these authors do not 
explicitly mention the geographical origin of the samples of mica tested by 
them. But it is very probable that some of them were taken from India. 
Lewis, Hall and Caldwell (1931) carried out power factor test on a large number of 
samples of micas, fairly representative of the major sources of the world’s supply 
of mica. A few samples of clear and stained muscovite micas from India were 
also included in their list. The method used by these authors for evaluating 
the value of power factor was similar in jirinciple to that employed by Dye and 
Hartshorn. Very recently Hartshorn and Rushton (1939), l»ave investigated the 
power losses in mica subjected to the action of an alternating voltage at 
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frcijaeudes 50 to y},ooo cycles per second. The variations of the losses with 
moisture content, teinpcraf luc, frequency, voltage and thickness have been also 
studied in detail in the case of typical samples of clear ruby mica. 

From above it is evident that an extensive study of the power factor of 
mica available in different localities in Indiai which is the world's largest source 
of mica supply, is still wanting. To obtain the data of power factor within 
reasonable accuracy, a proper choice of the method of measiiremeul is essential 
in addition to the careful preparation of the test condenser. 

M li T IT O I> O F M H A S IT R K M H N T 

A condenser is formed with the dielectric under lest as the medium between 
its electrodes and its power factor is then evaluated. Several methods have been 
devised for the purpose, h^arlier workei's used wattmeter methods which 
suffered fium errors inherent in such deflectioiial methods. They weie not 
suitable for nieasuremcnts at high voltages and the range o[ frequencies at which 
such instruments could be used was also very limited. Later on, several iiivestb 
gators calculated the value of power factor from mcasureineiils of the capacitance 
and the equivalent sluint or scries resistance of the test condenser at a known 
frequency by using severallnddge methods. Although the capacitance could be 
measured with considerable precision, there was great uncertainty in determining 
the eqiiivaltmt shunt or series resistance because of the errors due to residuals 
in a bridge network. To avoid these errors, a resonance-capacitance method 
has also been used Ijy a number oi workers. Very recently, Ilarlsliorp and 
Ward (1936) have devised a novel and ingenious method for the measurement of 
power factor of insulating matenais over a v\u*(le range of radio-frequencies. This 
method employs caT)acitauce-variation in a tuned circuit with a thermionic 
voltmeter as a detector of resonance. A cylindrical condenser of very small 
range of capacity whose variation follows a simple linear law is used to secure 
sharpness of resonance. Pow-er factor of the lest condenser and hence of the 
insulating material is obtained as a ratio of two capacitance readings. Thus 
frequency is not involved in the calculation of power factor. U is this property 
which enables the method to be employed over a wide range of frequencies. The 
errors due to residual inductance and resistance even at the highest frequency 
are eliininated by a careful design of the apparatus and by following a careful 
procedure in making the measurements. 

A simple but a very accurate bridge method of measuring power factor 
when a precision condenser of negligible or known dielectric loss is available is 
that devised by Sobering in igao. Since then it has been considerably modified 
by several investigators to use it ©ver wide ranges of voltage and frequency but 
is still known as the Sclicring bridge. In fad, it is used widely at present for 
accurate measurements of power factor. Like all biidge methods, it consists 
essentially of a Wheatstone network. The source of e.m f. is an alternating 
one either at power or any desired higher frequency. The nature of detector 
employed dei>ends upon the frequency at which measurement is to be made, 
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Usually, a vibration galvanometer is used directly at power frequency while a 
headphone at higher frequencies up to about looo cycles per second. Cathode- 
ray aticl heterodyne null detectors are employed at still higher frequencies and 
are more sensitive null detectors than otliers. The electrostatic screening and 
the Wagner-earthing are the two notable features of the vSehering bridge. The 
former shields the bridge from the influence of external electrostatic fields while 
the latter eliminates the errors due to electrostatic coupling between various 
arms of the bridge and due to earth capacities of the various parts of the 
apparatus* 

Many commercial forms of the modified vScheritig bridge are at present 

available. One such commercial bridge manu- 
factured by Messrs. British Physical labora- 
tories, lytd., Bondon, whicli claims a high degree 
of precision for capacitance and power factor 
measurements, lias been used in the T)resent 
investigation. 

The general arrangeinent of the bridge is 
shown in Fig. i. The ratio arm across which 
the power factor condensei is connected has a 
value of 30,000 ohms. The other ratio arm 
consists of four independent resistance units 
of values 30,000, 3,000, 300 and 30 ohms. 

These resistances have suitable mica con- 
densers in parallel in order to give a couslaiit value of RC so that the accuracy 
of power factor \neasureinent may be obtained ovei the entire range. All the 

resistances are completely non-inductive and have an accuracy of o.or%. The 
dial connecting the two ratio arms indicates nniltiplying factors of values t, in, 
100 and luoi). A high-precision variable air condenser which is employed as 
a standard of capacity forms one of the two remaining bridge arms. This 
condenser is designed to give a constant poAVci factoi with capacity and hence 
it has a constant lo.ss with frequency. Its dial consists of a worm drive having 
no back-lash and its scale is direct reading in micro-microFar&ds from o to 1140. 
Using the multiplying factors, capacities up to I. T 4 F can be measured in four 
ranges. The capacity dial is acc:urale within I he j>ower factor 

standard consists of a variable condenser having a logarithmic change of capacity 
with the angle of rotation. Its dial is also direct reading in % from o to 0.06 
with an accuracy of io,05%‘ The iogarithmic characteristic of the scale enables 
to obtain good reading near the zero point. The bridge can be used on 50 to 
lOjOoo cycles frequency range. The calibration of the power factor dials 
corresponds to one kilo-cycle. 

Supply to the bridge is taken through a transformer from a beat frequency 
oscillator fed from an A.C. supply of 220 V. at 50 cycles and capable of giving 
a frequency range of 25 to tOjOoo cycles per second within an accuracy of ± t%. 

3--I455P— JI 
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The balance indicator is a General Radio cathode-ray null detector of the 
visual type which can be used with bridges operating at any frequency between 
25 cycles and 20 kilo-cycles. It employs a tuned degenerative amplifier which 
is entirely free from any electromagnetic or electroslatic pickup and does not 
itself radiate any appreciable electromagnetic field. One of its advantages is 
its abilily to indicate, separately, the effect of adjusting the resistive or reactive 
controls of the bridge. It indicates also whether one of these controls, selected 
as desired, is off-I)aIancc in a positive or a negative direction. The bridge output 
is a]>plied to the vertical deflecting plates of the cathode-ray tube through the 
amplifier while the bridge generator voltage is aijplied to its horizontal plates 
through an adjustable phase-shifting network. An elliptical pattern is produced 
on the screen when the bridge is out of balance. lUit on balancing, this is 
reduced to a horizontal straight line. The observable sensitivity of the detector 
is about microvolts at jooo cycles. 

As indicated by dotted lines in Fig. i, sufficient care has been taken to 
shield completely each arm of the biidgc including the condensers, resistances, 
connecting leads, etc. The two windings of the transformer are electrostatically 
shielded from one another while the transformer itself is contained in a cast-iron 
box which gives complete magnetic shielding against external fields. 

r R K 1’ A R A T T O N OF T K S T C O N D E N S F R 

It has l)een mentioned in the previous section that for ascertaining the power 
factor of a dielectric, a test condenser is prepared by inserting Ihe sami)le between 
two electrodes. But the value of power factor is liable to be greatly affected by 
the nature of such electrodes because of the contact resi.stance and capacitance 
of measurable amounts that exist in many cases. A proper choice of electrodes 
which would make intimate contact with the test .sample is, therefore, very 
essential. 

A considerable amouiit of information regarding the properties of electrode 
contacts and their effects on the measurements of dielectric properties are now 
available. v^uch information obtained previous to 102-;] was summarised by 
Ilartshoin in 1026. Chiircher (1929) and his co-workers on behalf of the Electrical 
Research Association undertook a detailed investigation into contact effects 
i)ctwecn electrodes and dielectrics and recommended electrodes of mercury or of 
graphite (in the form of Aqiiadag) backed with metal plates for obtaining best 
results. It was also found that in certain cases graphite backed with mercury 
gave better contact than that obtained with mercury alone. Later on, Hartshorn 
and Ward at the National Physical Laboratory as wtII as Sharpe and 0 *Kane 
at the Applied Electricity Laboriftory of Liverpool llniversity found independently 
that although the results obtained in the above investigation were satisfactory 
for measurements at power frequencies, errors in measurements at higher fre* 
quencies could not be explained on the basis of the then knowledge of electrode 
contact. This led them to undertake a further investigation into the subject 
and they published their results (Hartshorn, Ward, Sharpe and O’Kane, 1934) 
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jointly in 1934. Ihey are of opinion that for general purj>oses inetcury electrodes 
are the most satisfactory for measurements of permitivity and power factor of 
ixisulating materials in sheet fornix although a film of graphite between mercury 
and test samide may improve the contact as previously noted by Churcher and 
his co-workers. They have further found that thin tin-foil applied with a trace 
of vaseline as an adhesive is a good substitute for mercury. Crapliile electrodes 
backed with metal plates are easy to apply but should l)e employed with sufficient 
care at audio frequencies and not at all at radio frequencies. 

For measurements of ijerniitivity and power factor of mica, several of the 
early investigators prepared the test coudeusei by simply pressing two sheets 
of tin foil into contact with the sample, one on either side ol it, without the use 
of any adhesive. There was, therefore, much uncertainty in securing intimate 
contact between the .sample and tlic electrodes. Others used electrodes of 
mercury. Unless special precautions are taken, air bubbles are apt to form on 
the surface of the sample and so vitiate results. It may be mentioned here 
that the usual method of floating the test spe cimen on merctiry with an upper 
mercury electrode is impracticable in the case of mica because of the thinness 
and flexibility of the samples. Another method consisted in inserting the sample 
into the gap of a parallel-plate air condenser of known dimensions. This is also 
not free from many serious objections. Dye and Hartshorn (1924) used both the 
air gap and the mercury electrode methods. In the latter case, the mercury 
electrodes were contained in ebonite dams and found to be very satisfactory. 
Dannattand (roodall (1930) employed electrodes of mercury as well as of graphite 
in the form of Aquadag. They found that much of the trouble due to un- 
certainty of contact between the sample and Ihe electrodes was due to a film of 
contamination present on the surface of mica specimen. Considerable improve- 
ment was effected by washing the surfaces with methylated ether just before the 
application of electrodes. In the case of graphite electrodes this method of 
treatment gave very satisfactory results. But for mercury electrodes, more 
elaborate precautions were necessary in order to obtain consistent results. 
Perfectly clean mercury had to be used and a somewhat tedious routine of washing- 
surfaces, first with methylated spirit and then with methylated ether and finally 
drying them at 30^-40 *^ 0 , was evolved. In the opinion of these authors, careful 
use of graphite electrodes gives accurate and consistent results. T^wis and his 
co-workers. (Lewis Hall and Caldwell, 1931) used tin foils as electrodes and 
linseed oil as an adhesive. 

In preparing the test condenser in the i>reseiit investigation due considera- 
tions were given to the fact that, since a large, number of samples had to be 
tested, the electrodes should be so chosen that they would admit of easy mani- 
pulation without sacrificing accuracy. From this point of view it was decided 
to use thin tin foils as electrodes wu'th a trace of linseed oil as an adhesive. 
Extreme care was taken to prepare a test-piece before applying the electrodes 
tp it. From each block of a given sample of mica under test, several thin pieces 
approximately 2 cm, by 1 cm., were cut or split. They were then carefully 
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examined and any loose layej', if inesent, was te moved from them. The average 
thickness of eacdi piece was measured with the help of a dial gauge. To minimise 
the eJlfect of contact resistance, pieces of thickness less than 2 mils were rejected. 
Before fixing I lie electrodes the surfaces of each piece were first carefully cleaned 
wdth methylated sin'rit and limseed oil spread over them* With a clean and dry 
cloth, the oil was wiped out from each face. The slight trace of oil that still 
remained over the faces helped the thin tin foils to adhere to them. Thus the 
jjresence of any nir j>ockel between the surfaces of the test piece and the electrodes 
was avoided. A somswdiat similar process was adoi)tcd by Tewis, Hall and 
Caldwell, v\ ho found that the effect of introducing two films of oi! of unknown 
thickness into the test condenser is not very appreciable on the values of 
power factor. 


p: X P Iv K J M K N T A h V R () C I{ D R E 


The method of substitution was employed for measurements winch were 
made at the room temperature varying from about 3o"C to on different days 
during the period of investigation. A standard aii condenser w^as connected to 
the unknowui or fourth arm of the bridge. The ratio of the resistances in the 
ratio arms was kepi fixed at a definite vahie throughout the operations. Balance 
w^as obtained once w ith the bridge standaj'd condenser alone in the third arm 
and then with the test condenser connected across it. 11 is well kiiow’ii that 
under the above conditions of balance, we have, 


firstly, 

and 

and secondly, 
and 


C/L\ - R2/R1 
C/C's -P Cr - R2/R1 


(2) 

(3) 
(aY 


where C and 0 — cai)acity and ])Ow^er factor of the standard uir condenser 
respectively ; 

-- capacity of the bridge standard condenser before and after 
substitution! respectively ; 

== capacity of the lest condenser ; 

- constant powder factor of the bridge standard condenser ; 

- penver factor of the test condenser ; 
difference of power factor of tlie balancing arms of the 
bridge, before and after substitution, respectively ; 

R2/ i<i = ratio of resistances in the ratio arms of the bridge. 

From ecpialions (1) and (3) and from (2) and (4), w^e have 

C. = C. - a ... (5) 

0r - 0s — 02 “ 0'2 (6) 


CA and 


C.- 

0 T 

-01 


02 “ 01 ^Ipd 0'o 
and 

and 


But assuming 0.s to be negligible in comparison to 0i, we get 

01 == 02 0 2 * 


(7) 
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It is evident from equations (5) and '{7) that the capacity and power factor of 
the test condenser can be obtained directly from the difference of ca[)acily and 
power factor dial readings of the bridge before and after substitution » . - 

In actua^ practice, the ratio of the resistances in the ratio arms of the bridge 
was kept fixed at unity and the standard air condenser was given a siiitable value 
which was kept unaltered during the two operations. Hence C and were 
mainlained also constant. Balance under each condition was obtained; by: 
adjusting the bridge standard condenser as well as the power factor standard 
condenser at the maximum input of the bridge and at the niaxiinum gain of the 
detector. After each balance, [the Capacity and power factor dial readings 
were noted. 

From each sample of mica, several test condensers were prepared as described ’ 
already and- the values of their factor an ere measured on difiefent days. The 
I)Ower factor of each test condenser was found to be substantially constant., 
The slight variations, wherever noticed, may be attributed to variations in the 
room temperature and atmospheric humidity. Incidentally, it may be mentioned 
here that the efl'ecl of humidily on power factor while cojisidercd to be too 
small by Daiuialt and (h)odall (1030) was thought to be of appieciuble magnitude 
by Hartshorn and Rust on (1930). In the present measurements, we have not, 
however, made any careful study to ascertain any correlation between povN^er factor 
and humidity but hope to undertake this investigation in future. 

A few test readings were also taken with the bridge in order lo check the'' 
experimental accuracy of the measuring system. We know that if ^ is the 
small effective series resistance in the condenser, the power factoi is given, by 
iMc. Using a standard condenser and non-inductive resivStances of known, 
values, the change in power factor could thus l)e calculated very readily. This 
change w^UvS also ascertained from the difference of tlic power factor dial readings 
of the bridge. , The deviation in each case was found to be w'ithin ±4.5%.^ 
'khis order of accuracy may be considered fairly tolerable in the present series 
of measurements which aim mainly at a comparative study of pow^r factor of 
the different kinds of mica available in the different p^uts of this country. It 
may be mentioned further that the series resistances used with the standard 
condenser were assumed to be truly noii-inductive. Presence of any inductance 
would, however, increase the effective capacity. But this effect, if present at 
all, can legitimately be overlooked at the frequency of one kilo-cycle per second. 
This is borne out by the observed data which are in all cases less than tlieir 
calculated values. The presence of any series inductance effect would have 
influenced the observed values in the opposite sense. The effect due to the 
presence of vSelf- capacity of non-inductive resistances is also negligible at the 
above frequency. 

1C X r JC R 1 M K N T A L R IC S 11 h T S 

'i^ables I-IX^conlain the data of power factor of mica obtained from different 
parts of India. In Column i is given the designation adopted by the Geological 
Suivey of India for each kind and quality of mica as well as the name of the 
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Tablb I 
Uihar Mica 


Bengal Ruby Mica 


Designation 
and colour 

Quality 

! 

1 Average 
' thickness 
^ (in niils) 

i 

Number of 
.samples 
tested 

1 Power ft 

! vSpread 

o/ 

/o 

ictor 

Average 

%■ 

Ruby Red ... 

Clear 

1 ' ' ' 

i 4 

6 1 

o.ooy2 — 0.0106 

0.0102 



i 6 

6 

0. 0098— 0.0 no 

0.0104 



8 

6 ' 

o.oo94‘-o.oii2 

o.oio6 

C^-Red 

Stained 

4 

6 

0.0103 — 0.0238 

0.0152 



6 

6 

o.oioi — 0.0259 

0.0186 



8 

S 

0.0 109 — 0.0257 

0.0176 

n-Red 

Stained 

5 

6 ! 

0.0192 — 0.0300 

0.026a 



7 

9 1 

0.0182 — 0.0319 

0.0251 



9 

7 

0.0228 — 0.0267 

0,0249 

A^Red 

Stained and 

4 

7 

0.0II6 — 0.0192 

0.0T43 


slightly spot- 

6 

8 

0 or 05 — 0.0205 

0.015a 


ted. 

8 

10 

0.0107 — 0.0210 

0.0146 

F-Red 

Stained and 

4 

7 

0.OJ07 — 0.0203 

J.0142 


slightly spot- 

6 

8 

0.0140—0.0185 

0.0162 


ted. 

8 

1 7 

0.0102—0.0232 

0.0128 


Tabi,e II 
Madras Mica 


Designation 
and colour 

Quality 

Average 

Number of 

Povv cr factor 

thickness 
(ill mils) 

samples 

tested 

.spread 

% 

Ave»uge 

% 

Madras Green 

Clear 

4 

6 

0.0102 — 0.0122 

0,0114 



6 ; 

6 

0.0104 — 0.0124 

0,01 16 



8 

6 

O.OIO2—-O.O126 

0.0II8 

C — Green 

Stained 

5 

6 

0. 0160— 0.0313 

0.0229 



7 

6 

O.OI5I— 0.0316 

0.0235 



9 

7 

0.0174 — O.O30O 

0,0258 

D— Green 

Stained 

5 

8 

0.0255—0.0384 

0.0320 



7 

8 

O.025O — 0.0400 

0.0308 



9 

6 

0.0278 — 0,0341 

0.0309 

A— Oiecn 

Stained and 

6 

7 

0.0232—0.0394 

0.0288 


slightly spot- 

9 

8 

O.0203 — 0.0404 

0.0274 


ted 

12 

10 

0.0189—0.0382 

0.6307 

F— Green 

Stained and 

4 

8 

0.0112 — 0,0174 1 

0.0137 


slightly spot- 

6 

7 

0.0120 — 0.0171 1 

1 0.0146 


ted. 

8 

7 

0.0112 — 0.0177 

0.0158 

M 177— Green ^Fala- 

Stained and 

3 

5 

0.0297—0.0357 

0.0318 . 

niani Mines, Neb 

spotted. 

5 

6 

0.0282 — 0.0362 

0,0320 

lore) . 


• 7 

6 

0.0265 — 0.0366 

0.0319 

M 242- Green (Kaii- 

Slightly stained 

3 

6 

0-0141 — 0.0272 

0.0202 

dali Mine, Nellore). 

with black 

5 

6 

0.0152 — 0.0263 

0.0200 

jnetallio spots. 

7 

6 

0.0134—^0265 

0.0194 

M a36““Grecn (Kali- 

Stained and 

4 

6 

0.0174—0.0188 

0.0185 

chedu Milling Co., 

slightly spot- 

6 

S 

0.0135 — 0,0218 

0.0191 

Nelloreb 

ted. 

8 

6 

1 

0.0132—0.0234 

0.0182 
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Tabi.b III 

Rajpiilana Mica 


Designation and 
colour 

Quality 

1 

Average 1 

Number of 

Power factor 

thickne.ss j 
(in mils) 

samples 

tested 

Spread 

Average 





Vo 

% 

0.373 — (Jaita- 

Slightly stain- 

3 

3 

(J.0143 — 0.0170 

r>,oi70 

ram di.strict, Jai- 

ed. 

S 

6 

0.0147—^0.0171 

0.0165 

pur). 


7 

5 

0.0153 0.0173 

0.0167 

6552 -^Grceti (Jai- 

Stained with 

4 

5 

o.oiga — 0.0219 

0.0205 

pur). 

black metallic 

6 

7 

0.0175—0.0233 

0.0208 


spots. 

8 

7 

o.oisg— 0.0377 

0.0227 

N756— Green (Tehri, 

vSHghtly stained 

4 

5 

0.0183 — 0.0192 

0.0186 

Central India), 

with black me- 

6 

6 

0. 0181 --0. 0191 

0.018s 


tallic vSpot.s. 

H 

6 

0.0178 — o.oigS 

0.0187 

Ki 63 - Orceii (Dnii- 

Stained with 

4 

5 

o.oiiSq — 0.0285 

0.0220 

latapura, Kishcii- 

black metallic 

6 

5 

0.0 igo — 0.0281 

0.0225 

garhi. 

spots . 

8 

6 

0. 01 77-^-0.0328 

0.0234 

3 3 3 — e d (TTdai- 

Stained ... 1 

3 

7 

0.0151 — 0.0199 

0.0174 

piir). 


5 

5 

0.0153 — 00198 

0.0172 



7 

5 

0.0158 — U.0186 

0,0171 

N758— Red (Dud- 

vStained and 

3 

5 

0.0143 — 0,0247 

0.0188 

piira near Heawar). 

•slightly spott- 

5 

5 

0.0140*- 0.0280 

0.0194 


ed. 

7 

5 

0.0151 — 0.0244 

0.0193 

N759— Red (Shah- 

Stained with 

4 

7 

0.0172 — 0.0240 

0.0208 

pura'. 

metallic spots. 

6 


0.0166 -0.0226 

0.0205 



8 

1 ' 

0.0163-0.0245 

0.0206 


Tahlh IV 

Travancore Mica 


Designation 
and colour 


Average 
thickness 
(in mils) 

1 

Number of 

Power factor 

Quality 

samples 

tested 

Spread 

% 

Average 

% 

M 624 -Red 

Stained and 

3 

5 

O.O27S— 0.0379 

0.0329 

spotted. 

5 

S' 

0.0283—0.0386 

0.0342 


8 

6 

0.0202—0.0387 

0.0318 

D 999— Red 

Heavily stained 

3 

5 

0.0558 0.0886 

0.0731 

(Tippermalai 

and spotted. 

5 

7 

0.0428—0.0884 

0.0750 

Mine.s) . 


7 

7 

0.0422—0.1010 

0.0772 

R 41— Red 

Stained and 

3 

5 

0.0413—0.0833 

0.0731 

heavily spotted » 

4 

6 ■ 

0.0420 0.0962 

0.0735 


6 

6 

0.0366—0.0956 

D.O728 

M ^S-Red 

Heavib' stained 

4 

7 

0.0496— 0 1 150 

Q.O8OO 

(Pblogopite). 

6 

7 

c. 0494— 0.1142 

0.0813 

* 

6 

1 

8 

0.0522—0.1082 

0.0829 
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'I'ABi.n V 
Mysore Mica 


Power factor 


Designation 
an<l colour 

; Qua lily 1 

t|)U'kncss 1 
(in mils) | 

samples 
' tested 

Spread 

i,/ 

Average 

% 

M 620 --<o t en 

1 

Clear 


1 

6 . :1 

0.0103—0.0164' 

, 0.0114 



/| 

0 1 

0,0102 — o.oi 77 

1 0,0119^, 



.S 

1 

! 

0.0 1 oS — 0.01 81 

0,0118 


' 1 'aiu.h VI 
Orissa Mica 


Di‘sigiuilioii 
and colom 


Average 

Niiiiiber of 

Power factor 

Quality 

l.hi(‘kness 
(in mils) 

samples 

tested 

i^prcail 

Average 

0/ 

/O 1 

vSg4— Red 

Stained 

3 

3 

0.01.12 " 0 . 02-15 

O.OT97 

(Sainhalpur) 


3 

6 

0.0136—0.0261 

0.0205 



6 

t.OT32- 0.026/I 

0.0207 

1' 



Taiii.k VII 

'J 




U. P. 

Mica 



Dc.signati'jii 
and colour 


Average 
lliicUncss 
(in mils) 

Number ( f 

Pemt'r factor 

Oiuility 

i 

sampK s 
tested 

Spread 

of 

A verage 

0/ 


1 

J 

/o 

/o 

T S'^i — 'Ib'ccn 

i 

Clear 


5 

j 

j ft. 0307 — 0.0537 

0.042^' 

((iarlnviill. 


,S 

.S 

j 003S7 — 0,0566 

0.0473 



7 

b t 

1 n 0245—0,0761 

0.0429: 


I 


viii 

Punjab Mica 


Designation 
and colour 


Quality 


1 106 -Ked I vStuhvi-d inid 

(North of j slightly spotted. 
Patiala) I _ ,, 


A*veragc 

Number of 

Power factor 


thickness l 
(in mils) 1 

samples 

tested 

Spread 1 

' %. 1 

Average 

% 

A 

: 8 

1 1 
0,0204—0.0386 j 

0.9094.. 

h 

8\ 

6.0226-^:. o . c »365 1 

0.2024^ 

8 ^ 

10,' 

0,0 162 —6. 05 5 3 j 

O.O29J 
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T/VBIe IX 

vSuminary of Rusnlts 




: 

leaver faetor 

Source 

Desiguali<u» and 

1 

Kind i>r quality 



i 

! 

colour 


Average 

i».' ' 

/Li 

Spread 

O' 

A* 

nlJinr 

Heni>al Ruh^' 

CUar i 

0.0104 

0.0092 — 0.0112 


C-Rcd 

Stained 

n.0173 

0.0101- 0.0259 


li— Rid 

Stained 

0.0252 

0.0182— 0.0319 


A-Red 

Stained 8: slightly sjH>tled 

0 0147 

0.01015 ‘ 0.0210 


r-^Rcd 

Stained & slii^htly spotted 

0.0144 

0.0102—0.0232 

Madras 

IMuscovitc Green. 

Clear 

0 0116 

0.0 102 --^0.0121) 


C- (Ti eet) 

vStained 

0.0241 

O.OJ5I- 0.0316 


I)- CJncTJ 

vSlainc-d 

0 0313 

0,02^0—0.0400 


A--(;reeii 

Stained slightly spotted 

0.1)204 

0.0189-0,0460 


P' — Green 

Stained & slij^htly s[)o1'led 

0.0144 

0 . 0112 — U.OI77 


I\li77— (ireen 

Stained aiul .spotted 

0 03 rg 

0.0265™ 0.0366 


M 243— Green 

Slightly stained witli Matk 

0.DI08 

0.0134—0.0272 



nielli Hie spots. 




M236— Green 

Stained & slightly spotted 

0.UI87 

0.0132—0.0234 

najpulJiiia 

0273— Green' 

Slightly stained 

0.0165 

0 0143—0.0173 


N 756— Green 

vSliglitly sliaincd Aith hlaclc 

0.0186 

0.0178 — 0.0198 



metallic spots. 




6552— Grei'n 

Stained uilh hl.aek nu lallie 

o. 02 J 6 

0.0159—0.0377 



s]iots 




Kt62 “Oei 11 

Stained with Mack nielnllic 

0.0227 

0.0177—0,0328 


1 

spots 




i 

i Stained 

0.0172 

0.0151 — 0.0199 


i N758 Red 

1 vStained and slightly sjiolled 

f).OlCj 2 

0.0140—0 0280 


' N75(j Rul 

1 vStained uilh inelallie spots 

O.020h 

o.()i 63 -o,o 245 

Travancoic 

1 M624“-Re(l 

1 

! vStained and spotted 

0.032c) 

1 6.0202-0.0387 


R-ii-^Red 

1 vSlaiiied and heavily spotted 

0.073,2 

1 0. 03^)6— 0,0^2 


'Red 

1 Heavily stained and spotti d 

0.0752 

0.0422—0 1010 


M25-Red 

Plilogo])ite, Jiefivilv stained 

0 0815 

0.0494—0.1150 

Mysore 

M620' Green 

Clear 

' ().oiiv8 

0.0102 — o.oi8i 

(Jrissa 

M.'>(;4~- Red 

vStained 

1 0.0203 

0 0132 — 0.0264 

r.p. 

1581— Green 

Clear 

1 0 0440 

; 0.02^5-0.0761 

PuTijn!) 

i3i3<S ~ Red 

1 

vStained and sliglitlv spotted 

1 0.0293 

1 00162-0.0533 

i 


particular locality or mine of its occurrence contained within parentheses. It 


has not been possible to supply the latter information in every case. Column 2 
^dves the quality of each kind of mica tested. To cairy out the test, the samples 
were first grouped into lots according to their thickness. The average thickness 
of the samples of a particular lot and the number of samples included in it, 
as well as the data of power factors spread and of average power factors of each 
such lot are given in columns 3, At 5 ^^d 6 respectively. The power factor 
data have been expressed in percentage. 

Finally, in Table IX are collected together for comparison the data of power 
factor obtained from measurements on the different samples, irrespective of their 
thickness, for each kind or quality of mica tested during the present investiga- 
tion. It may be noted that excepting one quality of phlogophile mica obtained 
from Trayancore, the others belong to the muscovite variety. 

4— T455P— TT 
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I) 1 sc u vS S It) N 

From "J'able IX, il ib easily seen that the average power factor of clear 
muscovite luica* excepting that olitamed from the United Provinces, is very small 
although the green vairiely of both Madras and Mysore luis a slightly higher 
value than the ruljy variety of Bihar, Iviiown popularly as the Bengal ruby mica. 
The clear i5rSi-green mica available at (larbwal in llie Ihiited Provinces 
shows, however, a comparatively larger value of power factor, which is even 
greater than that of the stained and s])otted mica samples of other provinces 
included in the ])rescnt investigation. It may be noted here that the value of 
jjower factor of clear muscovite mica of the different grades or varieties seems 
to be of the right order of magnitude at the frequency of our measurements. 
Amongst the jjrevious investigators, Bewis, Hall and Caldwell (1031) found the 
sjnead of power factor for clear Indian ruby mica to lie between u.ui to o,u2%. 
Furthermore, Daniiatt and (loodall (103“) have observed tliat although the power 
factor of the green variety is about three times as large as that of the ruby at 
the power frequency of (»o cycles per second, they havu nevertheless nearly the 
same value at a frequency <)f 800 cycles per second. 'I'liis latter (observation is 
well supported by the forcseiit data. 

It is difficult to compare the power factor values of the .stained and spotted 
micas with tho.se reported by other investigators since the ]K)\ver factor is known to 
be very much influenced by the aiiKUinl of stain or spot present in the samples 
under lest. It is also not Icnown whether these investigators used micas of the 
same localities as used in the prCwSent measurements. Very likely, they did^ not. 
II is, however, found from present data that the ])owcr facten- of muscovite mica, 
either stained, spotted, or Inflli, is higher Ilian that of clear mica as has been 
observed by several othci' investigators, fl'lie sample of phlogopite mica has a 
still higher value of power factor. 

The uses to which virgin mica is jiut arc ^^ell known. It is used to 
insulate small commutator segments, condensers, heating elements and niiscella” 
iieous punched parts and waslieis. 'J'hc grade of mica suitable for condenser 
insulation varies according to the service for which the condenser is designed. 
For D.C. and general testing and standardising imrposes, mica of particularly 
high insulation is iircfcrred. Fur every high-voltage condensers, mica of the 
highest electric strength must be used, while, for Iiigli-frcquciicy condensers, 
low -loss mica is to be selected. 

Dannalt and noodall (1030) have found that clear ruby mica possesses 
outstanding superiority over the green variety iiiasiiiuch as it has not only a small 
1)0 wer factor but also small variation of power factor and capacitance with tem- 
perature as well as small change of power factor and perniitivity with frequency. 
These properties mark it as an almost ideal material for the insulation of preci- 
sion condensers and allied apparatus. The clear green mica has also exceptional- 
ly good insulating properties. In fact it is as good as ruby mica for high- 
cjuality commercial insulating material. The only ])omt against its use in 
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condenser is that its jxwei factor varies, as 1ms been noted already, 
with freijucucy and probably attains a steady \ aUK' only at very high frequencies. 

'Ihe stained and spotted in icas which have been put to test in the present 
iiicasurenicnts show that the power Inss in them is not very large unci, in fuc^t, 
it is fairly tolerabh^ ihey are, therefore, not uosiiited for nse in t'(>inniereial 
condensers of the Dubiliar tyi)e5 for radio i)ur[K)ses wlieiv great precision is not 
warranted. A few condenseis were actually constructed with some of these 
mica samples and put to service where they were found satisfactory tliroughoul 
the year under varying conditions of temperature and atmospheric humidity. 
It is hoped that mote definite cuiiclusioiis, regarding vhe uses to which the stained 
and spotted micas available in many parts of India eould be put, may be drawn 
after our study of their diflerent electrical and physical piatperties is comt>lete. 

In conclusion, the authors gratefully at^knowledgL tlu'ir indebtedness to 
Dr. C. S- I'^ox, Director, Cieological vSurvey of India, b)r supplying practically 
all the mica-samjiles which have been put to test in the i)iesent investigation 
and also for his kind intercvSt and suggestions. They also wish to acknowledge 
theii thanks to Prof. Ik N. (Ihosli, Head of tlie Department of Aj)])]ied Physics, 
Calcutta University, for allt)uing them all facilities to carry out the investigation 
and for his helpful discussions and to Mr. Js. P. Chakravaili for his ktiid 
eucourag ell lent. 
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STRING UNDER INTERMITTENT IMPULSES AND 
EXPERIMENTAL VERIFICATION OF KAR’S 
THEORY OF INTERMITTENT ACTION 

Bv H. G. MANE AND B. N. BISWAS 

(KiiCu'Cti fi)r luiblnaiioti, . iS, H/f) 


ABSTRACT. Kru s IIilmh \ of inlniiiittciit iictiun as apiilit tl In howi'd by 

biswas has been expennientally vciihcd 

Tilt experinmiil rrmsi.st.s of (wo parts : 

(i) A string lias bei n snbjectt d In inlcniiitleut hupulses a( a point m ar (jne end by 
nil ans ni a toothed rulibi r wheel iniaK'd ]>\ a niotfu , ajid Hu* vibration leeorded jdintugraphi- 
rally hv a Vibroscnpe H is (ib.sc ivi d tliat the trai'e oil the phulograpliie papei us a two-step 
Zig"zae 

Il(‘lniholt/’s law of VI jneity nl the bowed point has also been verilied by plmlograplii- 
rally i( i‘ordiiig the vibration nl the legion struck by the wheel provided with a pin along its 
eirciuijl’erence fixed peipendiciilar to the plane of the wheel It is observed li(»nj the photo 
that the forward veloeitv' of the region is ednal to that ot the wheel. 

These two cxpcrinients therefore conelUvsiveJy pro\e that the action of the bow and that 
ul the toothed wdieel arc; similar in natui e 

It wa.s observed loiif; ago by Ileliiiliollz that w lieu a string is bowed, not 
iar from one end, the vibrations at any ])oint can be rejnesented by a simple 
two step zig-zag curve. He also showed that when the bow is moved perpendi- 
cularly on the string, the velocity of the bowed point in the upward direction 
is equal to that of the bow. lie investigated the motion of the string by using 
a vibroscope and explained the action of the bow. Later on, Raman (iqiy) in- 
vestigated the motion of the bowed string more exhaustively and was able to de- 
monstrate the ecjuality of tlie velocity of the bow with that of the bowed point. 
Kar’s theory of intermittent action was applied to bowed string by Biswas who 
showed that if intermittent impulses of regular period be iuipailed to a stiiiig 
under tension, the motion of the string is the same as that given by Helmholtz. 
The present, problem is therefore undertaken to verify experimentally the theory 
given by Biswas ( 19 jo). 'I'his theory clearly explains the action of the bow 
when it is moved periieudicularly across the string. 


T I] li K X P li R I M E N T A L P t> It 'i' 1 0 N 
0 1' T W O P A R T S 


C O N s I S T b 


Parti . — Intermittent impulses of regular period are imparted to the stiing 
under tension by using a toothed rubber wheel mounted on an axle which is 
held horizontally between two clamps. The wheel is set into rotation by means 
of a motor driven by a battery of constant e.m.f. The motion of any, point of 
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llic string is rccorcktl by using u vibroscoi)e in the iisiuil iiiaiuicr. It is observed 
lUai the tra(‘e of the luolioii on the photographic paper is a two step /ig*/.ag curve. 

Par/ "'The toothed wlieel is provided u ith a pin along its eirciuuference 
lixed pcT[>endicujarly to the plane of tlie wheel, rotated and allowed to strike 
the string. The simultaneous record of the motion of the wheel and that of 
the string is ol^lained phut oginjjlij' ail Jy in the usual manncT by mcajis of tlie 
vibroscoiJe. 


I N j) A' o 1' r K r s n r rj /{ \ r e a r a r r s s /•: i* 

W — Jv libber w Jieel^ 

Si and vSj — Wooden sliulters. 

Mj and M- — Metallic strips attai'hed t(» tlie shutters S, and S,. 

S — I d 1 f>l og rai )li ic si ide . 

C/ and Cn — ClanipvS f(»j holding llie string. 

'p_l'c-]usioii screw . 

O— d'illing screw 

LU. Wooden ])oaid to which the wheel is attached. It is hinged on one side 
and can be tilted by tlie screw Q. 
k — Condensing lens- 
A“' Arc lamp. 

M — l^ow horse puwei moten*. 

Rh— Kheostat. 

Ws~Woodcn stand for the wheel. 

Isi and ISo — Iron stands to wliicdi the clamps kT and are attached. 

Oi and ()2“M)pcnings at the back of the vibroscoi^e provided with black 
pieces of cloth. 

Vs^ — Vibroscoi^e stand. 

V — Vibroscoiie. 

p — jjQij jji wbicb weights are placed. 

l\ Wooden board to which iron stands Jsi and Js^ are lixed. 

K— Resistance for the ai c lamp. 

bar lixcil at the toj- of tl)e iron bai\s Is, anti Is,,. 

Wa — Pulley fixed to the axle. 


' 1<; X 1’ K K 1 M 1' N T A L 

• Part 1 


lleilio'd — The string is held between two metallic jaws which arc clamped 

bars Is. and Is, fixed to a wooden board B (Fig. i). The vibroscope V 


to t\\ o iron 


Tliit. i-iart is earned oui by Mr. II. 0. Mane alone. 
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fixed to a woodeu stand Vs is placed just heliind the stnui; and parallel to it. The 
vibroscopc is provided with two wooden shutters vS, and which can he adjusted 
so as to form a very fine slit just behind a ])oint of the string whose motion is 
to be recorded. A photographic .slide S similar to the ordinary photographer’s 
slide provided with two small metallic rollers at the bottom to minimise friction, 
runs between two groovc,s of the vibroscopc. It is dragged along the grooves 
by a piece of string, one end of which is fixed to the slide. The string passes 
over a pulley and at the other end a pan P is attached to add weights. 



The string is excited by a toothed rubber wheel W held between two 
metallic jaws. A small i»iece is first cut from a plane lubber sheet and is then 
cut on a lathe. The ciicumference is then divided into 3^ etjual iiarts (this 
iiimibei is found to be suitable with the material at hand) by means of a divider. 
The teeth are then cut by a razor blade. t'lreat care must be taken while 
rutting the teeth as the length and the depth of each tooth must be the same. 
The teeth arc then polished and any defect in them is removed bj^ u.sing a 
fine file. 

The wheel is then mounted on an axle which is held horizontally between 
two clamps which arc fixed to a wooden board. This board is hinged on one 
side to another wooden stand. At the unhinged edge there is a milled screw Q 
which is used for adjusting the pressure of the wheel on the string. The whole 
stand is then placed on the woodeu board carrying the iron stands and the string. 

To e.xcite the string, the height of the string is adjusted and the clamps 
are fixed to the iron bars. The wheel is then fixed to the axle against the desired 
point of the string. To maintain the vibrations of the string, the speed and the 
[iressiire of the wheel are to be adjusted. The first is done by adjusting the 
current fiom the battery and the second by using the screw Q. 

When the vibrations of the string are maintained, the shutters arc arranged 
so as to form a very fine .slit just behind the point whose motion is to be recorded. 
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The slit is illuminated liy condenshif* the liKht from an arc lamp. Tlie loaded 
photORrai»liic' slide is then inserted into the vihroscope through the left hand 
opening, is opened inside the vihroscope and then released. The ])lale then 
runs through tlie grooves on account of the weights ))laced in the pan. In this 
way the motions of several points of the string are recorded photographically. 
The photographs are shown below ; — 

hUNdTII OP' TIIIC STRTNO (,n CMS 


Platt’ 

Si nick pi. 

( ihservftl 


No. ; 

(liMlniiFc 
from OIK' 

1)1 distant t 

Ironi tilt* 1 

lMat(\ 


( nd 

otllf’l iTld 




Fin. e. 


Part 2 

To show the applicability of Helmholtz’s lau- of velocity to the present case. 

A thin pin is fi.vcd to the rubber wheel against one of its teeth and perpendi- 
cular to the plane of the wheel. * The wheel is then fixed to the axle against 
the desired pom! of the string, 'fhe shutters arc atljusted to form a fine slit 
just near the wheel. The slit is illuminated by the arc lamp and the vibrations 
of the string are maintained as explained previously and the photograph of the 
point struck by the wheel is taken. In this way several photographs of the 
motion of the wheel and that of the corresponding points of the string are taken, 
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It is observed that the record of the motion of the pin and that of the motion 
of the string are coincident. The pbotopraphs are shown below 

MvNO TH OF TIIK STRING no CMS 


PJntf* No, I Struck pi. 

j (lislaucc from 
: ont^ end. 


Tdntr 



C O N C L 1 ' S T O N AND D T S C D S S 1 f) N 

The plloto^»rapbs obtained in the two parts of the exj)eriniental portion 
show that Kar’s theory of intermittent action as applied to the bowed striiii^ by 
Biswas is true. The action of the bow is similar to 1 hat of the wheel. When 
the wheel is rotating, the part of the siring in contact with tlje wheel is carried 
along wdth the particular tooth in the forw ard direction, it then slips and begins 
to move in the downward direction till it is caught by the next tooth and the 
process is repeated. The investigations are l)cing continued to solve other allied 
pt'oblenis such as to find the relation between the upward and dow'nward velocities 
and the position of the point of observation, etc. 

Finally, we express our heartfelt thanks to Dr. Kar of Presidency College, 
Calcutta, for the kind interest he took in our investigations. 

PhYSICAI, IvARORATORV, 

Raj AH AM CoujiOJi, KouivrnR, 
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A NOTE ON THE ELEMENTARY THEORY Ot" 
THERMAL DIFFUSION 

By R. N. RAl 

AND 

D. S. KOTHARI 

{Rcii'iveil lot pitblicalioii, Janiiaiy ij, iy;j) 

ABSTRACT. All elenuiitai}' d( rivatiou of the co-cliicitiil of Hit rnicil diffusion ami its 
I'liaiigo of sign >Nilh cont entration is discussed. The results lias e been compared with the 
experimental results of (ji ew. 

Thf phenomena of thermal diffusion was predicted independently by I'mskog 
and Chapman about 20 years ago, but it did not attract much attention until 
the work of Clusius and Dickcl (iy38, 1939) which has made it the most effective 
method for the separation of isotopes. 'I'he couvection currents set up in the 
Clusius-Dickel vertical column piogressively build up, due to thermal diffusion, 
the separation of the constituents, and one is reminded in this connection of 
Linde’s method of regenerative cooling by Joule-Thomson effect which, jirior 
to Linde’s work, wab only of laboratory interest. It was supposed for a long 
time that, unlike the case of ordinary diffusion, no elementary theory of thermal 
diffusion was possible and hence the recent paper of Fiirth (1942) discussing 
thermal diffusion from elementary considerations is of some interest. As Fiirth 
has shown, the simple treatment brings out most of the essential features of 
Knskog-Chapman’s analysis, and in this connection it is interesting to observe 
that the simple theory also provides an immediate explanation of the recent 
experiment of (Lew (1942) on the change of sign of thermal diffusion factor 
foi a neon-ammonia mixture. 

Let us consider a binary mixture in which the concentration and temperature 
gradients are present only along one direction, say the a-axis. If «i and iij 
denote the concentration of the two types of molecules and T the temperature, 
all functions of a (wi, nj will also be functions of time), then the pressure 
will be 

f) = fe(ni + Ti2)T=constanl. (i) 

If Ti and Tj represent the net flow of molecules of types one and two respec- 
tively along the positive s-direction, then we have in the usual way 

rj = -rj=p ^ (ciMi) + tin|= -‘^(c2n2)-ttM2, ... (2) 

3 aa 3 as 

where u is'the velocity of mass motion* Aj, Aj the mean free paths and Cj, 
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the Jiiean velocities of molecules of tyi^es one anti two respectively. The mutual 
rale of (liffusioii is tlefinetl as 

- ‘’2 =p,( ’ + ^ k r,. 

Hi Ho Ho) H \ R2 

Subslitnliju' foj’ and u from (j), usinji' (jJ and replacing ni and h2 l^y 


the partial conceiitratiujis 7i, 7^ defined 1)> 

i 

71 - ^ “ , 72^ 

// 1 + /Z2 H{ 

\vi 2 liave 

Vi V'J j 

‘^Yi . /, 

d;: 

where 

I ) ^ :*j ( 7 2 ^ 2 ' 

• 7e^i ciJ, 

and 

/>'■ = Viy2-| ; 

y\ 0 1 2 ^ 

\ 1 ^ . 




kr IS called the tJicrniaJ ditliisian ratio. Writing as usual 

‘ — 7r(;? -f and ^ J 

Aj “ Ag 

where (r ^ is the collision diameter for mutual collision between type-one molecules, 
(r2 the same for type-two aiidni^ the collision diameter for collision between 
type-one and type-two. 


Thus we have L'r . <^.272 . .. ^ 

^17I+^272'^^M27i72 


(3) 


when 


1 


.1 


I 


I 1 


l>i~ mpry, 


j a y 

h 


»nd 5 I -1- 

))ii^ a/ 2 are the luolecular masses of the two componeuts. 

Let us now assume that the two coinimneiits differ from one anotlier only 
to a small extent , nii — — (r|-a- 2 =^A«' and o ^ (n j + cr2)/.7 = AvS, 

then, we have to the first order 


/. „„. 7]72 ' , I i \ ^vS 

A-. - -J ' - + i - - -72) 

(r 'HI 


2 I (r 'HI " ' o* 

In the case of an ivSotropic mixture Atn^AS-f), and 


I _ ^ ^ ^ 

V -0.5 7] 72 ‘ ‘ 

2 m 


... (4) 


- (5) 


This may be com])ared with the expression 


/vi' -0.35 ViVa =0.35 YiVa , 


im 


given by Furry, Clark-Joiies and Onsager (1939). 
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Writing { 4 } in the form 

/ci = 7l(i “Yi) |a + h(i 
= ^Yl(i ”Yij{(i “I- (j)— 


where 

we notice that 


Atr , Ail} 

* 'j, 

<’ ID 




(1) /v-r — o for Vi — (), >1 = j, and Vi a^-r (i 4 ii) / <; 


and 


(2) 


dkr 

dyj 


— o for values of given by 


()y?-2(g+;5)v, + (</ i i) = o. 
Denoting the tw'O values of yj by fi| and <<2 we have 


"1 + “2“ 


a + 3 ._ -(“0 + i) 




:'/+ I 


(b) 


whieh gives 


and 


i + < 1 ,, — y 1-1 uy + (i|^ I + «() — A 

f 

3 3 


0 .,. ~ ’ “ O •* V ■t~°0+ »o + A 
3 " ■ ’ 


where 


(7) 


X — \/ 1 I- tty -t . 

I'Uithci, denoting by the value of kr for 71= aj and I)y the value corres- 
ponding to 71 -a^, we have 


A^(l + a(,-.t) (A-ao+.v) (sao-I+x), 
.Va I + '^0 - ao - ( 2‘>-ft - 1 - v) . 


(b) 


We reproduce the experiinental curve due to Grcv\ ' for the neon anunouia 
mixture. From the curve we notice tliat "(1 = 0.75, 0.27, .»(,=-■ o.yc; and. as 

is reasonable, assuming the ordinates to be proportional to k,, we have 

.Vi/3’2= -5-2. 

The simple theory given above requires that 

i(“i +<'2) = J + ™i<‘a, (y) 

‘*0 = 3 “i“ 2 . (10) 


and _{l + “o-A') (2-ai +a:) (aao-i + a:) 

72 (i +<>o + -'') {2 -“o“-a) 

Substituting drew 's values of "1, "2 (j'l) requires tto o.y.'i w'hcreas Crew’s 

value is 0.75. Further, substituting the observed value of "0 we obtain 
yily2— ~6.9, whereas the observed value of the ratio is about —5.2. 

* The^valuc of the separation at the bottom of the figure is given bj Grew to be —2.5. 
This is presumably “ 5 
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In connection with the above agreement, it must be remarked that the 
discussion given above is crude though extremely simple. For example, at some 
stages of the argument, the elastic model of the molecule is assumed, whereas 
in taking <r | jj not equal to (o-i + o-2)/3, we consider the force-field model. Again, 
in the case of the neon-ammonia mixture Aajcr cannot really be regarded as a 
small quantity. However, it seems that such defects must be present in any 
elementary treatment of thermal diffusion. 



Neon (Percentl 
Fig. I 


It will be seen that for the existence of a reversal of sign of kr with con- 
nentratiou it is necessary that oZ(i-tg)/ 3 Zi, 7. c., a must be numerically less 
than b. 

In the case of the ueemcammonia mixture, the value of a is contributed 
almost entirely by 'rj-cr^, the contribution due to mass difference though of 
opposite sign is relatively very small. The following mixtures are also expected 
to show reversals of the type observed by Grew : (i) Ng and NO, (2) A and COg. 
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A VIBROGRAPHIC STUDY OF THE OUTPUT OF A SINGLE- 
PHASE HALF-WAVE POWER RECTIFIER 

By T. TIRUNARAYANACHAR 

{Ri’iH'ivi'd for publication, Dec. i(>, 

ABBTRACT. A simpl c device for studying the cfllcacv of design of filter circuits employed 
in power units is described. Instead of the usual cathode-ray oscillograph and a linear time 
base, the arrangement consists of an electroinagnetically excited wire, the vibrations being 
recorded by a vibrograph, devised by the author (Tirunarayanachar. 1933). Vibrograuis taken 
in the study of the wave-form and ripple-coniponcnls of a single phase half-w'ave power rectifier 
output arc given in support of the method suggested. The arrangement is .specially 
suited for studying the ripple components in the output. The applicability of tlie method in 
wave-form investigation is being further studied. 

INTRODUCTION 

A theniiiouic rectifier allows a current flow in one direction only and offers 
infinite resistance to the current flow when the polarity is reversed ; so that if 
the input current is a symmetrical A. C, of the form lo sin o»f (01=2 >r/, where 
/ is the frequency of the supply mains), then the output from a single-phase 
half-wave rectifier is a current of the form : 

T T 

l=Io sin wf betwc'cn /=oto f= ; the output current is zero from f= — 

2 

lu order to gel a detailed picture of 
the output current, it must be resolved 
nio it.s various components by the 
application of Fourier’s theorem. f(x) 
can be represented by the infinite series: 

fTj 

f{x)-Ao+ AflCOSw.r-*- 5 sin n.v, 

n® 1 n = l 

T 

where A()=^ 

cT 

A* = 1 / fix) cos nx dx 
^ 0 

2 

J fix) sia nx dx, 

0 


to f='r. 



Fic. I 
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In this case /(.%) = lo shi between the limits t = o to t = ^ ; f{x) = n between 
T . 

/= and f — T. On evaluating the Fourier coefficients for all values of n from 
2 

I to oD by working out the definite integrals given above, vve get for the instan- 
taneous value of the rectified output current I, the result ; 

I = ] 0 - + J sin uii ^ cos 2wl - cos 404 - 

TT 37 r 1571 

The analysis shows that the rectified output consists of a l)X\ of value Iq/tt 
having superposed upon it an A. C. of supply fretjuency and having amplitude 
l ()/2 togetlicr with a series of even harmonics whose amplitudes go on decreasing 
rapidly. 

A catliodc^ray osciilograph together with a linear time-base is generally used 
for studying the wave form of such output ennent. This paper gi\ es an account 
of tlie results obtained by a study of the output current using a sonometer in 
conjuiiclioii with a vibrograph. 


E X P E R I IVI F. N T A L ARRAN G E M K N T AND R 1^ S h T S 


Fig. 2 shovs^s the experimental arrangciiieiit employed in the study of the 



problem. The rectifier used was a 
Tuiigar rectifier. It is a soft yalve 
rectifier similar to that of a mercury 
vapour rectifier : but the tube in a 
Tungar contains pure argon gas at a 
pressure of three to eight cm, of mer- 
cury column. The tube operates at a 
low voltage and can handle large cur- 
rents. A small current from the out- 
put of such a rectifier is passed through 
a sonometer wire AB. A portion of 
the w'ire lies between the poles N, S, 
of a permanent magnet mounted so 
that it can be slid along the length of 
the wire. When the frequency of 



anyone of the ripple components in 
the output coincides with one of the 


possible harmonic frequencies oi the wire, a large resonant vibration occurs. 
The point of observation is illuminated by the source Si and the optical system 
Li* L2 focuses the shadow on the slit of the vibrograph, immediately behind 
which is the photographic plate .shot at right angles to the direction of vibrations. 
Tuning can be effected by varying the tension and length of the wire. The 
method is a very elegant one and by suitably placing the permanent magnet, 
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,.r.. bythepropca- control of the point of mechanical excitation of the wire 
it is easy to obtain resonance n it], the lipple components in the output . Curves 
h, (., in «ie plate indicate vibroKiains obtained in that way and they corrch]iond 
to freciucncies / and 2/. 

Strings exc'ited 1 .»y eleetromiiKiietic means ha\e in the past been utilised 
foi the study of sy in metrical audiofiupKney euiieiits, notably by Jb W. Dye 
(u)j-4) in the desij;n of a standard sonometer. 'I'la vibroerai.hie record-s taken 
liy the author seem to sUKgest that the method can also be aiiplied for the study 

of assymctiical i nirents as in the ease o| the output ol sin' k-phasc half-wave 



Fjg. 3 

In taking a vibrograiii care must hv taken in clmosing tlie point of excitation 
as well as the point of observation on t]ie wire. All harmonics wliicli have a 

6— 1/155P— II 
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node al the point of excitation will l)e al)seiit from the resultant form. Since 
the amplitudes of (he higher harmonics go on rapidly decreasing, their effect 
on the wave-form becomes small, beyond a certain number. Curve A is the 
wave-form of the input symmetrical A.C. Curves B, C, It and K represent 
the wave-form f)f the rectified output, the point of observation is diflerent in each 
case for a chosen point of excitation. Curves C and 1'. show the assymetric effect 
remarkably well. The lower halves of the curves correspond to the half period 
when there is no current through the w'ire; on account of the inertia of the 
vibrating system, those parts are present. 

(‘ON (‘ List 0 N 

In conclu.sion, the author wishes to suggest that besides the study of the 
w'ave-foini, the arrangement is particularly suitable for testing the efficiency 
of filter circuits de, signed for smoothing the raw output of an H. W' . rectifier, 
The powei retjuired for excitation of the wire in the ca.se of a properly designed 
in.strument like the Dye standard sonometer is of the order of only one milliwatt, 
for giving visible loojis at lower freiiuencies. It is enough if the test is conducted 
for the presence of the fundaineiital ripple component only, for if the filtei is 
designed to cut off the fundamental ripple component from the output, it would 
be a nuMC elTicieiit filter in cutting off the higher harmonic components. 

C K N o W b H T) 0 ]\I It N T 

The author w'ishes to thank Prof. A. Venkata Rao 'felang, for the facilities 
afforded in conducting the experiments. 
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A NOTE ON VOLUME RECTIFICATION OF CRYSTALS 

S. R. KHASIGIK 


(Kci rived loi Ifiibiuuhnu, njj^ 


Recently a raper has been I'ublisheil on volume vectilication by H. JG Sen 
(ig4j). riie paper appears to be an elaboraliun of what was reported by the 
same autlior (1937) about five years ago. Deaglio at that time, in a note 

published in Nature, made a clear statement about volume rectification which 
is only a natural consequence of the lack of symmetry in polar crystals. He 
also referred to the experimental evidence of such volume rectification in his 
expeiiineiits with carborundum and made the present ]iosition with regard to 
the rectifying properties ot crystals abundantly clear. \'et it has been concluded 
by Sen in his recent paper that “the volume rectification effect is not confined 


to crystals like carborundum, /.incite and silicon alone, which have no centres 
of symmetry but that it is also exhibited by crystals like galena, iron-pyrites 
and pyrolusitc, iiossessiiig centres of .symmetry.” In view of .such conclusion, 
a brief review of the subject is given here to leave no room for any misunder- 
standing about the existence of volume rectification in polar crystals. 

My experiments with l)as-(5upta (Khastgir, 1933) showed that when 
carborundum, zincite or silicon crystal was placed between two mercury elec- 
trodes giving large contact areas, there was con.siderable rectification. Similar 
experiments with symmetrical crystals like iron-pyrites, galena, etc., showed 
no rectification. The carborundum crystal under examination exhiliited one 


plane face and other facets and it consi.sted of at least two crystals twinned 
together. Of the symmetrical crystals, the iron-pyrites and magnetite ciystals 
used in these experiments could be regarded as single crystals. The results of 
these experimenls .strongly .vaggci/ccf asymmetric conductance in crystals having 
no ceutres of .symmetry. The fact that the rectitlcation obseived in carborun- 
dum, zincite and silicon crystals did not change, when one of the cry.stal 
surfaces was heated, seemed also to support this suggestion. As there was no 
experimental test that the .surface effect was entirely eliminated in our experi- 
ments, the evidence of volume rectification in polar crystals w as not regarded 
as conclusive. Crucial tests were therefore considered necessary. Such a 
crucial test was made a few months later by Deaglio (1935) who performed two 
sets of experiments. In the first set of experiments, the plane natural face of 
the carborundum crystal which was perpendicular to the axis of six-fold .symmetry 
and the face opposite to it, scraped and made plane, were coated v\'ith gold 
orplatinum by cathodic sputtering. The 1-V characteristic curve obtained with 
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suL’h crystal Ixlueci) lu<» electrodes makiut' large crnilact areas showed consi- 
derat>ie rectification. No electrolytic polarisation was (d)Served l)ut there was 
l^hoto-elcctric effect on the ciystal snrfaiv. 'flic observed reclificaliun W'as 
considered as nminly due to l ec'tificalion f)f llic “ ban ier layer '’-type. In the 
second set ol LX]»ei iinenls, bulb 1 he faces of a cai Ikji undiiin single crystal woie 
scaajKid and made sinootlr 'Hie eleclKJcks weie gold or ])ia1iniini films deposited 
(jii (lie scjaj*cd siirfac'es, Tbeie >vas im> tiace of any electrolytic polarisalic^n 
and llieve was also no evidence of any l)em])er effect or any internal pljoto- 
eiettiic effect. Tlie characi eristic' curves weie tbeii drawn for two different 
tliicknesses of tile same cr\ slal keeping the contact-areas the same. 'I'lie rccti- 
fic'ation obscived was opposite in sign to that observed in the first set of 
experiments. When enn ves ueie drawn .showing { u}uni against vuiiaj^c pc) ( lu, 
for Ihe l\\ o dilferenl thicknesses of the cgs stal, iJiey were found to be almost 
identical. I'his showed that llie o])Scrvcd recliJicalicm ^\as nut due to any 
surface eflect. Theie vas thus no room for any doubt as to tlic existence of 
volume reclilic'ation, at least in carborundum crystals. 

'this asymmetric conductivity was studied later in the cxperimeiils of 
Khasigir and Cliakravarly (los/) when the i»oteiitial fall in Ibe body of the 
t'arboiundimi eiystal ^vas observed for an ai plied voltage sending current in the 
two opposite directions. Witli c'aiboi undum, the ])otential distribution was 
found to be different for tlie two opi)osile directions. In the single cryvSlals 
of iron-jiyntes and magnetite, liowever, tlie iiotential distribution remained 
exactly the same for llie two o])posile directiems of the current. , 

It is likely tliat 'I'issot (nuid and]h'erce(icjje)alsodctcctedvo]umerecti- 
licalion velars ago in some Cl yvStals. 'I'hey showed that willi a certain groii]) of 
crystals, even relatively large polished plates betwccai metallic electrodes made 
very sensitive' detectors. It is evident that the red ificalion ol)served liy them in 
1 he symmetrical Cl v stals \\ as a .s/n /ff( I died : whereas, in the ciystals wdlli no 
c'ejitres of .\Vinmetiy, llie efied must have been a combination of surjucc and 
v'iW///nr ledilication. 

dji the llieoi el ic'al side, 1\ . de J,. Ivi(»nii’ (lojo) showed in a geiicial wa}^ 
that the ciyslal i ediJicalion cuuld 1>e due to asymiiieliic binding of the ions into 
positions eiiuilibrium Iw restoi ing fences, not symmdrical for efjiial and 
oppo.sile disidaceinents. Cimsidering the isothei iiial v^ariatioii of the electrical 
resistance with the ajiplied voltage (whicli wa.s called “ elcctro-rcsislive " died), 

( )sleibeig (ip,g>) also gave a Iheoielical lieatment of redificatioJi in carborumluni 
(’vyslals. The resistance was shown llieoret icaliy to cliange, on reversing the 
sign of tlie a])|>lied voltage by an amount depending upon tlie elcctro-resistivc 
coustanls of llie ciystal. Carbbiiinduiii crystals were actually found to rectify 
current in the maiinei incdielcd along the direction of tlie axis of six-fold 
synunctry. 

In c'ondusion, it can be said that vSen's observations of the rectification 
effect in syimnclrical ciyslals like galena, iron-pyrites, pyrolnsile, etc., placed 
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between mercury electrodes of larf>e contact areas, merely sbowed that the 
surface effects were not eliminated in his cx])crimeuts. 

Pnvsics l)r:pAk'i‘Mi'NT, 

UniVKKSITV 
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THE ADVANTAGES IN USING ORTHOGONALISED TERMS 
IN A POLYNOMIAL FOR CURVE-FITTING 

By V. SATAKOPAN 


i Kocnvi'ii lo) pnhlii aiuni^ Dcrctnhci o* niji ) 

ABSTRACT, '[‘he paper liriefi^ discus‘<es Hie relationships helvseen the least stjiiares 
solutions of Polynomial t'oiistants ohlained by using 

(1) ordinary power terins (s(»lntioiis discussed by S. ^1. Kcrawala (1041) and 

(2) or1ho.t>oimlised terms (K A. I'isher’s method), 
wlien the polynomial is fitted to a series of (ibscrvations 

ft is shown how all the constants of polynomials up to the ith (k\t»iee obtained by usin>; 
sinijile powei krms can be determined from the (; I i) cmistants obtained from the orthogonal 
terms. 

Tlie advantages of using tlic orthogonalised terms instead of ordinal v power terms are also 
indicated. 

vS. M. Kerawala (1041), in an interesting paper which appears in a recent 
issue of tlic Indian Journal of Phy.sies has discussed the least s(]uares solutions 
of flic constants of polynomials up to the fifth degree fitted to series of obser- 


vations V], i'„ corresponding to the values of the independent 

variate .v,, x,, varying by equal intervals. 


Writing the polynomials up to the fifth degree in the form. 


y—iifw 

V = rt(ii -t-dii.V 

(1) y = (iii2 + ai"r + ((Moi‘ 

.V = <Iiia I- (I i;i-V + (I»;i V ■ -t- (IjjA ' 

y — (iiii I (ijiV-tdaiA* + 
y = a,,!, t (I ,r, ^ + (Ns.\ ■ -I- ((.If, \ ■' + ttj.r.A ■' -t 


it will be seen that there are in all 21 cocflicients (Ti,,,, «ui, , in the set of 

polynomials up to the fifth degree, h'or a set of polynomials up to the rth degree 


there will he coefficients. 


But not all (tf these coefficients are in- 


dejiendent as some of them repeat themselves and a few others are comiected by 
simple ielation.ships with others, and so, for a complete determination of the 
least squares solutions of all the polynomials it is not necessary to determine all 
the coefficients independently. Kerawala has shown that 12 different values 
are sufficient to determine completely all the 31 constants for the set of 
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polynomials up to the 5th degree. He has also computed tables to facilitate the 
computation of the 12 values for series up to n — 30. 

It may however be pointed out that by using the orthogonalised terms 
for the polynomials instead of the sini[)le power terms as in (I) above, 
the number of independent values that are necessary to determine 
completely the least squares solutions of all constants of polynomials up to the 
rth degree can be reduced still further to only (r+i). Six values will thus 
enable us to determine all the 2 1 coefFicieiils required for ] 301 ynoinials up to the 
5th degree. Tables (Fisher and Yates, 1038 p]>. 5.1] -60) arc also available for 
facilitalhig the dclenniiiation of the six constants for values of n up to 52. 

Assuming the polynomials to lie fitted is of the rth degree it can be cliosen 
in (he form 

(ID y“A ,//'«(-0 I A, 0 , (.v) + A2‘/>:;( v) + I 

wliere vb(a ) is a function of the rth power in v, the indeptndent variate. For 
simplicity vve shall assume here that \ is measured in unit intervals from its 
mid point so that for n values it will vary 

(1) from-- ^ to -i \ if n is odd. 

(2) from “/L 2 b) I if is even. 

Now if ‘^i(v), , etc. be chosen to satisfy the condition 

(III) *-S{0r(-vj0,(-v)} = o when r=^s 

the summation extending over the range of the variate .v, the least squares 
solutions of the constants are very easy to determine. The polynomials 0u( v). 

are known as TchebychefT’s polynoniiais. The general form of sncli 
polynomials is connected by the reduction formula (Allan, 1030, p. 312). 

(IV) V' r (v) == 2 (2 / ” I ) A ^ _ 1 (.v) “ (? - T ) ‘ { 17 ( r - I ) " h/V -‘2 (a) 

and their expressions for ? o, t, , 10, are given by Allan (1Q30, p. 319). It 

will be seen that these are the same as the orthogonal polynomials^ mentioned by 
Kerawala as Condon's Polynomials in p. 250 of his paper quoted above. An 
arithmetical procedure for fitting these polynomials to a set of n observations 
has been developed by Fisher (Fisher, 1936, p. 156). 

The least squares solutions of the constants An, A,, , A^ arc given by 

(V) A/i-= (Allan, 1030, p. 311). 

Using Kerawala 's notation that 

tjr-Slyx’) 

the least square solutions of the constants up to Aj are as shown below (Fisher, 
1936, p. 150), 
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Ao = ';o/ « 


A. 


I So 




iVi- 



T 2 




(VI) 


A _ 2S0O 


in'A - 



A,= 


}l(tl 


” l).. . f — 16] 


- 




14 


13 

- V‘2 


I )hi“ - 
560 



A ^ ,,, _ 5 (''"- 7 ) 

n(,r-r)...(>r~- 25 ) 18" 




IOC 8 


■407; 




1 1 may bu interesting' to note that these solutions exactly correspond to the 
values of ( 7 oo, flu, 7/22, fl:ia, fl-i^i -uid fl^^i respectively (Keravvala, 7c>ii, p. 27^]) in the 
expressions (I) above and these six values arc sufficient to determine all the 21 
coefficients involved therein. For, the orthogonal property of the </>'s used 

inahe the least squares solutions of A„, , A*, independent of each other and 

hence the process of increasing the degree of curve fitted simply amounts to the 
addition of one more term to the expression for the pievious degree. Thus, if a 
parabola is already fitted tc^ a vseries of observations and is given by 


y = Ao fpoU ) + A 101 (a:) + A202 W, 

then the cubic curve fitted to the same set of observations is olHained by simply 
adding Aa^a^'v) to the right-hand side of the above equation. Now, if wc 
remember that the least squares solution of a polynomial fitted to a series of 
observations should lie the same whatever may be the form of the polynomial used, 

it is seen that Ao,., fljr. , flrr the least squares solutions of a polynomial of the 

7 th degree should be equal to the coefficients of various powers of in 

A(j0o(a‘) + Ai0ji(a') + + Ar0r(A^)- 

Writing the expressions 0 i(a:), , etc. in full for each degree of the curve 

fitted and collecting the coefficients of various powers of a , we have, for poly- 
nomials up to the 5th degree ; 

y = Ao“’?o/w /. Ao^floo ■" (i) 

y = Ao + AiA: /- flQ 1 “ 0 i ^'*1 1 ^ ^ 1 (2) 

y = Ao + A|X + Aa( -v® ■■■—— ] (3) 

\ 12 y 

= fAo--— ^^AaVAix + Aaa:’^, 


7— 1455P— n 
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(VII).-. ^A.,; 

12 

ai2 = Ai and a22 = A2. 

3 ) = Ao + AiA' + Aa^ v® — j v’^ — -'^x 


= ^Afy— ” ^ ^ ^ Ag j+ ( Ai — - ^Ag I V + AnA;''^ + AiiA"'' 


.*. ^*0 3 “A( 




Aa. aj 3 — Ai— ^Ag ; 

20 


a2;i — A2; 0^;|— A3, 

_V = Ao l A] \ + j\.J V®— 


+ A^fx^^ 7 .V 


+. aJx ^ - ' 3 ,.2 + i) (»< ^ -9) 

\ M 560 


.-. ao„=^Ao-’''"' + ; 

560 


12 


(4) 


(5) 


“14 


= A, A,; 


20 


.., = A.-^” -'’A.; 

M 

(1 3 4 == A a i a 4 ^ = A 4 • 


j = Ao + A,-v “1 A2 


2 _ 11—1 


12 


kA, 


A 


20 


+ aJ v '• - ~ ‘-3 .v^ + 3l''‘irjj'"'"z9) 


M 


560 


+ aJ X-' - 3 *” ' ” 7 ) ^.3 i 5 «^- 230 «^+ 407 ^. 

18 ioO(S 


. . ao 


,-Ao- ”'“^Aa+ 3 (_«lr^«l-l 9 )A, ; 

1 2 560 


a, , = A, - J" • -?A, + 1407 ^ , ^ 

20 moS 


( 6 ) 


14 iH 

U 45 = A 4 ; “S 5 ~Ary. 

The above equations bring out the connection between the lea.st squares 
solutions of orthogonalised terms and ordinary terms in polynomials up to tlK;: 
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fifth degree fitted to a series of n observatioas. All the equalities giveu by 
Kerawala on p. 250 among the 21 coefficients also follow from the above 
relationships. Hence it is clearly seen that the six coefficients Ao, Ai, As,..., A5 
are sufficient, if determined, to find the least squares solutions of the 21 coeffi- 
cients of expressions (IJ. It is also evident that in general the (r+ 1) coefficients 

Ao, Ai,...,Ar will be sufficient to determine all the "t ^ ^ ^ coefficients in a set 

2 

of i)olynoinials up to the rlh degree. 

These orthogonal polynomials are well-known among statisticians and have 
been used widely by statistical workers for curve-lilting because of the elegant 
arithmetical procedure for fitting developed by Fisher (4, x)p. 151-56). Tables 
of the functions up to n“ 52 have also been published since, to facilitate rapid 
comimtation of Aq etc., for series of values up to = 52, by Fisher and Yates/ 
It will also be seen that the values of ti, given in these tables 

agree v\ith the values given for j, £^2 2> s ;)»•••> Kerawala \s tables up to 

n = 50, as they should. 

The more obvious advantage of using the orthogonalised terms in the 
polynomial worth mentioning here is the ease with which the sum of squares 
of residuals can be computed if it is desired to test the goodness of fit. It is 
not proi)Osed to prove here the results involved, though simple, for which a 
reference may be made to Allan (1930). It has been shown therein that sum of 
squares of the residuals after fitting a curve of rth degree is given by 

(VllI) S(y 2 )-S{Ao 0 o(A:)>‘^-vS{Ai^>i(:v)} 2 - -S{hAAx)Y^ 

where S denotes the summation over the various points of the series. The form 
at once makes it clear that for each degree of the curve fitted the reduction in 
the sum of squares is given by the expression 

and this enables us also to allocate the total reduction in sum of squares to 
various individual degrees of the curve fitted with one degree of freedom for 
each in the analysis of variance, but for the orthogonal properly of the 
terms involved it would not be possible to do so without laborious computalious. 

One more use of the orthogonalised terms may also be mentioned here. 
As the coefficients Aq, Ai,...,Ar arc independent of one another, they yield 
a series of independent constants that usefully serve to represent main features 
of the sequence as indicated by Professor Fi»shcr. He (Fisher, 1936) has suggested 
that for any series, a', 6', c', d\ e\ Y obtained the following formulae may 
be taken as a set of independent constants to represent the general distribution 
features of the series and used in regrcssional work. These constants have been 
found very useful in practice for studying distribution features of a variate and the 
regression functions obtained by correlating these constants with a dependent 
variate have shown very interesting results (Fisher, i 9 ^ 3 » Kalainkar cl al^ 194^'^)* 
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Ao = «' 

Ai= ^ b' 

? 1 - I 




(IX) 


Ar 


7 / 11 ' 


(n- 2){n-^) 




It i.s, therefore, advanUigt-ous iu many ways to use the orihogonalised terras 
iu a polynomial while fitting it to a series rather than using the ordinary power 
terms. In view of the enormous amount of arithmetical labour saved if tables 
are available the tables which are already available up to )i = 52 have now been 
extended up to ji~ 75 by the author of this note and will be published shortly. 

Kerawala’s paper has, liowever, thrown much light on the relationships 
between the least squares solutions of coefficients of ordinary power terms and 
ortliogonalised terms in a polynomial fitted to a series. 
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THE ATMOSPHERIC ABSORPTION CURVES AND THEIR 
DEPENDENCE ON THE NATURE OF THE PRIMARY 

COSMIC RAYS 

By S. K. CHAKRABARTY 

(Kcci’ivcd for publication, Jan ij, lOf^) 

ABSTRACT. With a view to testing the jjossibility of interprrtiiig tlie ubscrvcil results on 
the absorption of cusniie rays in the atinospliere in terms of incoming electrons or positrons, 
the nature of the absor])tioii curves proilucrd l)y soft primaries has been calculntecL Two 
different hypotheses have l)een assumed ior the energy speetra of the primary, viz , (u) that 

tile numl)er of particles liaving energy varies as K ^ and (h) that only discrete 
sets of isoenc rgetie jiartielcs, produri'd tliiaargh the annihilation of ditlerent atoms which are 
found in abundance in the interslc-llar space exist TIu- theoietieal eurves when congiared 
with tlu‘ observed hangalore-Teshwar dilferenee curve show that near the to]J of llu* atmosphere 
a good deal of dillcrenee in the absorption eo-elFicic'nt between theory and observiilion exists. 
In this region however, tlie mniiljer of counts is much less than the actual ioni/alion and the 
observations are also iiiaecnrate 

A comparison of llie absorption einTlieienl at liirgi depths and also the sea-level latitude 
eiUcl indicate diTniilely that the primar> cusmit rays nmsl contain protons. Whether 
electrons exist at all intlu* primary and it so wlietbir hypothesis (a) or (t>) approaches reality 
can onl) be determined by further oliservalions made at (‘loser intervals pai tieularly, Iretviecn 
o* and The observational results at Agra and hangalore siigg(‘Sl, hovsever, that even the 

pnjtoiis in the ja imai'y cannot have a coiitiiiuous eircrgy spectrum 

An application of the i\.-sults of the cascade theory of showers can be mack 
in the theoretical interpretation of the observed absorption curves in the atmos- 
phere specially at high altitudes. Recent devclopinenls of cosmic-ray theory 
and experiments liave made it possible to get deeper into llic prcAdem of the 
energy spectra of the various sorts of rays and the nature as well as the spectra 
of their primary. The high altitude nieasureineiits of the cosmic-ray intensity 
at different latitudes have been made by several authors [Bowen, Millikan and 
Neher (1938), Millikan, Ncher and Pickering (1942), Neher and Pickering (1942)]. 
On the other hand the latitude effect at sea-level was also observed by (iill 
(1939), Compton and Turner (1937) and also by Millikan and Neher (1935). All 
these results show definitely that the cosmic-ray intensity is not the same at 
different places and is smallest for placOvS near the eejuator. This is known 
as the latitude effect of cosmic radiation. The difference curves obtained 
by Millikan and others must all be produced by cliargid primary cosmic rays 
whose individual energies lie between definite limits depending on the geo- 
magnetic latitudes of the places of observation and are given by the results 
of Stonner’’ s theory as developed by Lemaitre and Vallaita. It is observed 
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that all these difference carves have the same Kcueral shape and are in 
several respects similar to the theoretical absorption curves of the cascade 
theory. One is, tlierefoie, tempted to conclude that these obseived absorption 
curves are due to shower-furuiatioii by charged primary particles (electrons 
and positrons) having energies lying between certain well-defined limits. From 
the results of their observation Uowen, Millikan and Neher have derived a form 
for tlie primary energy spectrum incident at the to]) of the atmosphere. 
Naturally, from the atmospheric absorption curves measured at a small number 
of stations one cannot expect to derive a continuous siieclrum for the primary 
rays. The curve derived by Bowen, Millikan and Neher is only a plausible 
one drawn in order to fit the observed results. The theoretical difference curves 
as calculated with the results of Bhaldia and Heitler (1037) and those of Carlson 
and ()i)penheimer (1937) when compared with the observed diilerence curves 
of Bowen, Millikan and Neher (1037) gave a qualitative agreement, but there 
wa.^ quite an appreciable amount of systematic difference between observation 
and theory. The maxima of the observed curves occurred at depths much 
less than the calculated ones. At the present time several authors are inclined 
to believe that up to dale evidence is quite good for interpreting the observed 
results in terms of incoming protons instead oj electrons. The main reasons 
they put forward are that the rale of rise of the ioni/.ation in the first metre 
of water of the atmosphere is a good deal more rapid than they can account 
for, by the cascade theory. Moreover the number of electrons wdiich are usually 
obtained at depths of two or three metres of water below the top is acwrding 
to them very much less than would be required by the cascade theory if the incom- 
ing rays are electrons. In view of the qualitative nature of the results obtained 
by Bhabha and Ileitlcr and also by Carlson and Oppenheimer, and specially 
due to their inadequate treatment of the collision-loss it was difficult to say 
whetlier the above-mentioned differences were really due to the rough approxi- 
mations made in the theory. The results obtained by vSerber (193S) which have 
lately been used for theoretical calculations, when compared w ith those obtained 
by Bhabha and the present author (Bhabha and Chakrabarty, JQ42) suggest that 
at least two of the above-jnentioned difficulties may possibly be removed when 
the accurate results of the cascade theory are used. It is the purpose of the 
present pai)ei to examine whether calculations based on the accurate results of 
the cascade theory can be compared with the observed curves and thereby to 
test whether the results of observation can be interpreted in terms of incoming 
electrons and positrons. Such a comparison will give an idea as to the nature 
and history of the primary cosmic rays before they enter the earth's ^itniosphere, 
which possibly bear the impress of the origin of cosmic rays. 

The observational data so far obtained relating to the variation of the 
intensity of cosmic rays with altitude at different latitudes were not suitable for 
comparison with the theoretical results. When the measuiing instruments are 
electroscopes or single counters which respond to rays reaching them from all 
directions instead of merely from the vertical, the analysis becomes much more 
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complicated, especially in the equatorial latitudes. For comparison with the 
theoretical curves which give results for vertically incident primaries, the picvions 
authors have applied Oross-transformatiou to the ob-served results or the inverse 
of the Gross-transformation to the theoretical results. Rut the uniformity of 
the primary radiation in azimuth, assumed in the derivation of the Gross equation 
does not really exist and the non-uniformity increases as one ai)proachcs the 
equator. This will be evident from the variation of the allowed cone 
with latitude, obtained by Lemaitre and Vallarta (1936). A consequence 
of this property is that the electroscope or single counter data cannot be used 
for any fine structure analysis of the primary, since the difference curves cannot 
be then considered as due to charged primaries lying between sharply defined 
liiiiils. To overcome this difficulty Neher and Pickering have, however, 

used two counters as a cosmic-ray telescope to record the radiation coining from 
a definite direction. It may be doubted wheather the counter data do actually 
give the intensity of the radiation and in order to obtain the intensity at any 
altitude electroscopes .should be used. The difference that may arise between 
counter and eicctroscope records have lieen tested, and Neher and Pickeiing 
conclude from their results of observation that the counting rates at any jjlace, 
after proper adjustments, can fairly accurately be taken as pio])ortional to the 
intensity of the cosmic rays at the corresponding position. A similar conclusion 
was also arrived at previously by Korff, Curtiss and Astin (J93ti). 

Vertical coincidence measurements have been made by Neher and Pickering* 
only at Bangalore, Agra and Peshwar. We shall, however, use these results for 
the purpose of comparing the theoretical results deduced in the present paper. 

Two dillcreut hypotheses have been postulated tegarding the nature of the 
energy spectra of primary charged particles which are assumed for the picsenl 
to be electrons or positrons. The possibility of the existence of protons in the 
primary will, however, be discussed at the end. The first hypothesis is (a) that 
the ])rimary particles can have all possible energies and according to previous 
authors [Blackett (1941), Hilbery (1941), Johnson (193^), Hcitler (1937)], the 
spectra can be represented by the equation, 

/•8 

/(Ko)dEo = 8I- dEo ••• (D 

where 8 lies between i and 2 and /{Eo)dEo, gives the number of particles having 
energies between Eo and lio + dEio- Eollowing Johnson and Blackett W'e shall 
take for the primary energy spectrum the form given by (i) where 8= T.K7 . fc 
is, however, a constant quantity of the dimensions of energy, and may be 
suitably adjusted to give a good fit of the observed data with those calculated. 
The form (i) is also analogous to the one assumed by Heisenberg and 

* Bhabha has informed me in a private coramunii alion that the angle snbtt tided by 
their counters wa.s so large that even this cannot be called a vertical measurement. Tn fact 
Millilari’s two^and three counter telescopes, wliirh Neher and Pickering have used, record rays 
hich pass through at an angle of as much as ,15° from the vertical 
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Kuler (1938) for the energy-spectrum of the mesons. The nature of the primary 
spectrum obtained by Millikan and others, however, can be made to coincide 
with (i) for values of Ivq ^ 7 ^ Hilbery (1941)]. Since for the 

purpose of comparison, with the results of observation, made in this ])apcr we 
are concerned mainly with values of Ko ^ 7 lo*'. c.'j., the results obtained with 

(i ) will be nearly the same as that obtained with a primary distribution given 
earlier l)y Millikan and others. 

Tlu* second Iiypolhesis regarding the nature of the primary cosmic rays is (b) 
that the primary spectrum is not conliinious but has lines or bands m which the 
tile energy of the particles lie. 

Since /fl{())(ihn tlie number of cliarged particles (electrons or positrons) 
having energies lying between iio and Ivo + JIio and incident vei tically on the J, 
top of the atniospheie, the average number of particles C(a, /j, say, produced at a : 
depth /, in radiation units, below the top of the atmosphere and coming in the \ 
vertical direction is given by ' 

C(u. /,)= J /(I':o)N(.vo, Odb'.o (2) 


where N(;vo, 0 is the average number of particles produced at a depth / by a 
primary particle of energy ^ exp. 3',,, incident vertically on the top of the atmos- 
phere, fi represents the mean collision lo.ss corresponding to the material in which f 
the shower i.s produced. The function N(j’o, /) has been deduced in a previou.s 
paper by Hhabha and the pre.scnt author. The value of «, however, (jepends 
on the geomagnetic latitude of the place of observation and can be easily deduced 
from the Lemaitrc-Vallarta function. Substituting the values of Nlj,,, t) and 
simplifying, we get 


C( 


..iT+ivj I I \f> ‘ „ 

-.11-' 

27 Tt J V / V 


uS-1 



vS- I 


X ^ .fiS 

(vS-“i) /X — A 


J \0 r(T'VlQO ) 

X . . I ] 

(y~i){8 + i~S) I ioftS) ^ ' fi — X 


... is) 


where y«=log(a/) 3 ) 

and A, /*, goiS), etc., are all functions of S and are given in a i)revious paper 
(Hhabha and Chakrabarty, 1942). The integral on the right side of (3) can be 
evaluated quite accurately by the saddle point method and the method of such 
evaluation has been given previously (Chakrabarty, 1942). But C(a, t) is not 
the quantity, w'hich can he compared directly with the results of observation, 
since in the observed absorption curves in any particular latitude exists also the 
particles J, reduced by the uncharged priinaricis and also by any other charged 
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particles which are not electrons or positrons or do not multiply according to the 

rT"" l-cr\) i7 n at two different latitudes then 

0 «'’llR>ve the difference curve which should compare with the 
observed difference curve correspundiii}- to the latitudes of the places of 
observations, which obviously represents the effect of the latitude sensitive 
part of the primary cosmic rays having energies lying between... and «, if it 
consisted only electrons and i.ositrons. In Table- I are given the values of and 
y for some different places of observations. The geomagnetic latitude of the 
places of observation arc also given in the secourl row of the tabic. 


Tabi.k I 


Plao(‘ of 
t)l)Sirvation 

Uangalorc' 

Agra 

Peshw ai 

1 San 

1 Antonio 

^ iklalionia 
City 

C )nialia 

Bisinark 

.Alagnetir latitnflr 


«7VsN 1 

ps'’N 

SN 

45 "N 

.Si”N 

57 

tt ill J 5 e V. 

PS .SO 

13 80 1 

II 

7-.S5 

4.3 


i'3‘l 

V.. i 

1 

S 00 1 

.] 820 j 

A 

.|.2g4 

3 73 

i 


2 602 


The values of C{i*, i) as obtained from (3) for difl'erent values of a of yj^ 
and I can be obtained from Table 11 where the values of i.cSo x A— t) 

have been given. These values give iiiiinediately the theoretical diffeience curve 
between any two given places of ol)servations listed in 'lable I. 


'I'Anuc n 

Values of i.Sox lo'bP’/d l) for diflerenl values of v;. and / 


/ 

i' , 

j 


0 

1 

5 

9 

,s 

10 

1 1 

' >5 

S.ooi 

87 

218 4 

1 

32 p) 

i 

375 

360.0 

308. : 

1 8f) . 4 

‘>1-6 

42.9 

12.1 

1,820 

iig 1 

280. J) 

404.2 

446.8 

4 ^ 6 .-’ 

35 i 8 

201, i 1 

60-7 

46.0 

1 2 . 6 

,| 70 () 

137 ^ 

3 >-' -1 

455-2 

j 406 . 0 ! 

' 4^)0 h 

583-4 

1 

.:2o.(i ' 

i 

10t).o 

48.4 

12.8 

4 294 

2lfj 0 

553 " 

i 715-^ 1 

1 7 J 5 0 

i 616 

487 8 

-;.S« .1 ! 

119.2 

1 

5'’. 9 

- 

.V 732 

64 4.0 

1 J 4.S.() 

1 2S»».0 

1 J 30 0 

! 891 2 

1 

^>7 2,4 ; 


] $h.2 

58.0 1 

- 

3 338 

12 20.0 

JS4S.0 

; 1839.0 

1 1 

1530.0 

1139 0 

803. (> 

U^8.2 i 
i 1 

Ih6.h 

1 

.... 


If Millikan's hypothesis be accejded then ill view of the results of Bowen 
and Wise on the abundance of the atoms in sjjacc, the primary cosmic rays 

should mainly consist of five definite cosniic-^ray bands, arising out of the complete 
transformation of helium, carbon, nitrogen, oxygen and silicon atoms into 
(‘osmic rays. In Table 111 aic given the values of the energy of the priiijarics that 
8— i/j.s.sT' — IT 
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may be obtained from different atotns» together with the lowest value of the 
latitude ?»(, at which such rays may be incident on the top of the earth's atinos" 
pherc in the vertical direction. 

Table III 


Ivknu’iil j 

III 

! C 

1 

N 

0 1 

Si 

ff.u ill n.r V . 


i 5 -f’ 

6,0 

7-5 j 


:vii 


i .poof) 

pi60 1 

4 . 2 «» 1 

i 1 

4 As 3 


1 

1 5/1 “ N 

1 

i iTN 

i 

1 1 

j 6 *N 


Since the i)i iiiiary consists of discrete sets of isi)eneigelic particles, we havi\ 
on this hypothesis ' 

Cfa, 0 = 2;i(yQ)N(:Vo, 0 ( 5 ) 

where I(yo) the intensit> oi the primary having energy exp. r„ and the 

suinniation is to be taken for all values of yo given in Taldc 111 for which 
I'n) :Sr.: Hence, as in the previous case, 

C(oo, /) — C(a, , i) (6) 

will give the theoretical difference curves. The values of I in this case w^ill be 
proportional to the relative abundance of the different elements in space. In 
Table IV w'c have given the values of Nfyo, /) for different values of Vo corres- 
l)onding to the dilTcient elements. With equations (5) and (p) it will then be 
possible to gel the theoretical difference curves for any pair of latitudes lying in 
the northern hemisphere or, better say, between to 5,^ N. 

Table IV 

Values of N(y(», /) for different values of yo and i 




■■ 



— 

— 
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‘IPS 

3 14 

;!.S 2 

i.S:* 

i.oS 

0.628 

0.369 

— 

— 



.puuu 

3 .«S 


0 25 

1-77 

3.08 


o.Sof) 

Q.280 

0.0947. 

0.0165 


419 

7.40 


6,(u 

'P 90 

3-33 

I 32 

0.047 

0,0154 

0.0285 

4 .SS 3 

‘ 4.86 

1 

9.90 

12.(1 

12.1 

g.88 

7.21 

3 26 

I 28 

0.464 

0.0894 


One very important difference exists between the two hypotheses which 
will possibly be sufficient to determine whether the primary cosmic radia- 
tion has a continuous energy spectrum or it only consists of discrete sets as 
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postulated in hypothesis ((;). It is apparent from Tables 1 and 11 that on the 
hypothesis (/>) no difference should exist between the vertical coincidence curves 
taken at (i) Peshwar and Agra, (it) ( )klahoma City and Omaha, and also pos* 
sibly between iiii) Bismark and any other higher latitudes, but on the hypothesis 
(tt) differences must exist in these cases also. The observations made at the first 
pair of stations, Peshwar and Agia, made by Neher and Pickering (19.^2) 
puts a strong evidence against the hypothesis (b) whereas their observations taken 
at Agra and Bangalore invalidates both the hyjiothescs. Similar observations 
should be made at other latitudes also before making any definite conclusion on 
this point. The theoretical difference curves for other latitudes can be easily 
obtained from Tables 11 and IV, 

In Fig. J u’c have plotted the Bangalore-rcshwar difference curve as given by 

Neher and l^ickering.'^The theo- 
! velical curves as obtained for the 



naiigalote*T\ sIiwav differeticf curves for vertical rav's— 
II) Calculated on hypotlie.M's (a) ( ) and on 

liVpotlicsi'=; (0) ( ') 

(IT) Ohberved curve (-^ o— f)— ) 

Fig, 1 


two hypotheses have also been 
drawn. The ordinates of the 
theoretical curves arc so adjusted 
(such adjustments will possibly 
give the values of /v and J) that 
all the curves give the same 
maximum intensity. II will 
a])puar from the figure that tlie 
llieorclical difference curves 
buvSed on the hypothesis (n) and 
(/)) are nearly identical so that a 
compaiison of these curves only 
wdll give no indication as to the 
validity of either of the hypothe- 
ses. Wlien compared with tlie 
oliserved tairves it is significant 


llial the observed rate of rise of the ioiii/atioii in tlie iiisl metre of water equivalent 
of the atinospJiere is more laiiid Ilian the iheoreticai estimates based on the cascade 
theory. It may be noted, huvvevci , that in this region the observed data are 
possibly much less than the actual ionization and this is due to the use of coun- 
ters instead of electroscopes for observations, since at these altitudes groups of 
particles must become increasingly prevalent and tliese register but once in tlie 
counter whereas they will give their true value in an edectrosc ope. vSucli a 
difference between the counter and electroscope data at lugli altitudes has also 
been noticed by Neher and Pickering Hence to compare more accurately it is 
necessary to make observations with counter-controlled clectrosi'opcs, or any 
other device which wull record the hue ioniuiiion produced only by rcriical rays. 


For rta sons incntioiied above this I’nniiot be mniparcd uith tlie thcfactical curves. 1 his 

has, htnvcvcr, been introduced to sIkav (jualitatively the (iider of the djlferent'e at large depths. 
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Figure I \m‘11 also shou that the discrepancy mentioiicd by previous authors as 
regards llie position of tlie rnaxiinuni disap[)cars almost completely* Beyond the 
maximum the actual ionization is much more than can be explained by the cas- 
cade theory. vSiiice these curves repicseiit the ionization produced by 

primal y particles in a definite 1 ange of energy the discrepancy in the apparent 
absorption co-elTicient al large depths cannot lie explained by the presence of a 
few primary particles of very high energy. C onsequently, to account for the 
(lifTcrencc between the observed and theoretical estimates of the ionization al great 
depths it is necesBary to tHXstiilate the creation of charged [iarticlCvS by processes 
other than the cascade process, for which the primary must lie charged particles 
wilhm delinite range of energy. The excess ionization oliserved has been sug- 
gested by several authors as clue t(j mesons and their decay particles. If such an 
explanation is to be accej^ted then il is necessary to postulate that mesons arc 
somehow jiroduced al least in pai t I)y charged particles. Tliesc results suggest 
tliat the piimary cosmic rays should also consist of protons. The experiineiils of 
Scheiii, Je.sse and Wollaii (ic).:i i) lend support to this view. 

Altliough the observed Agra-Bangalore difference curve cannot be ex- 
plained liy hypothesis (a^ there exists a serious difficulty in ac'cepling the 
hyiiothesis (h). The energy of some of the most energetic rays are known 
to be more than a thousand times the mass of the heaviest known atom 
and as such, hypothesis (b) cannot explain the existence of such particles. 
The validity of either of the two hypotheses can only be tested by making 
further observations at closer latitudes. If, however, the discrepancy Inen- 
tioned above- betvN’ceii the theoretical and the observed curves on the left of 
the maximum r)ersists even with more accurately obtained observational results, 
it may be necessary to acceiU the view that electrons ami positrons are not at all 
present in the primary cosmic rays, and tlie charged primary particles are entirely 
protons. In that case, however, in order to explain the observed facts il will be 
necessary to admit the existence of hilherto unknown process which allows a 
complete absorplmn of inolons in llie very upper layers of the atmosphere and a 
consequent pioduciioii of mesons, electrons or y-rays. 

The latitude elTect at sea-level has been obseivcd by several authors. But 
from the results already puljlishcd (Bhabha and Cliakrabarty, ig^j, Table 
III) it will be clear that even for a primary particle (electron or positron) with 
energy as high as -lu. B.e.v, there is a very little probability of its effect being fell 
al sea level. Consequently the sea-level latitude effect cannot be produced by 
primary electrons or positrons, and requires the existence of protons in the pri- 
mary cosmic rays. This conclusion will te altered if we assume that electrons 
can produce mesons oi some other particles which require a lower energy to 
penetrate tl>e atmosphere than by the cascade process, 

Il is therefore essential that protons or at least some charged particles other 
than electrons or positions exist in the primary cosmic rays. A similar 

conclusion w as also arrived at by . Johnson (1930) from other considerations. 
Whether electrons or positrons do exist at all in the primaiy cannot, however, be 



Atmospheric Absorption Curves and their Dependence, etc. 129 

definitely established unless further observational data, taken at closer latitudes, 
are available. A few observations made at closer intervals between the equator 
and say 20 N will give definite indications as to the possibility of either of the 
two hypotheses and will also indicate whether electrons do exist in the primary. 
The results of the measurements of Neher and Pickering (194?) at Agra and 
Bangalore, however, suggest that even the [)rotons in the primary cosmic ray-6 
cannot have a continuous energy spectrum. 
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» ERRATA 


‘ 'Difyolc Momcflls oj Palmitic Acid, Aleuriiic Acid and Alkyl EsUrs of 
‘ Aleuriiic Acid — Hy G. N. Bhatiacharya, Ind. J. Phys., Vol, XK/ 


P. 372, line 7 from the bottoin- 


fe - 1 1 

ft' +2 rf, 


read ' p ’ instead of ‘ P ’ iu the formula P= 

P 372, line 6 from the bottom — read ‘ <; ' instead of ' C’ 

P. 372, line 3 from the bottom — wad P 1 =Mi^/)2 + ^ j 

instead of Pi = Mi^Ps + ”^^7 

P. 372, line 2 from the bottom — wad ‘ py 2 /’j ' instead of Pm and Pg 

P. 37s, line 12 from the top— lead ‘ carbon atom ’ instead of ‘ caibouation ' 

P. 376, under reference 3 — read ' Reinhold ’ instead of Reihnold 

P. 376, under reference rS—tead ’ Swietonslawski ' instead of SvvietosUvaski. 
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A STUDY OF ABSORPTION LINES OF POTASSIUM 
VAPOUR UNDER VARYING CONDITIONS OF 
TEMPERATURE AND PRESSURE 

By D. K. BHATTACHARYA 

AND 

S. P. SINHA 

(deceived for fubliralion, February //, 

Plate IJ 

ABSTRACT. Tlie absorption .spectra of potassium vapour under varying conditions of 
tempcratiiiT and pre.s.sure have been studied using a hydrogen conlinunni a.s the background. 
It i.s ob.scrved that the number of ab.sorption lines increases with the increase in the partial 
vapour pre.ssnre. 

INTRODUCTION 

Professor Saha remarked in 1924: “There seems to be at present a wide 
divergence of views regarding the magnitude of pressure in the reversing 
layers of stars.” P'rom the existing record of the number of lines in the 
Fraunhofer spectrum in case of hydrogen, sodium, magnesium and calcium, he 
postulated that the pressure in the outer layers of the photosphere was such 
that the orbits beyond the sixth were rarely developed, lie also considered 
the well-known formula tt (T/P) 

where n is the order number of the lines developed, 

T is the temperature, and 
P is the vapour pressure, 

and concluded that the number of lines would increase as the pressure 
diminished. Datta and Roy (1930) made an attempt to have experimental 
support of Saha’s hypothesis. But their source of continuous radiation was 
not so satisfactory as is available at present. Hence experiments with potassium 
in nitrogen gas, using hydrogen continuum as the background, have been 
undertaken by us to see the behaviour of the absorptiou lines of the element 
potassium, under varying conditions of temperature and pressure, 

EXPERIMENT 

The scheme of the arrangement is indicated in the annexed diagram where 
S is a small quartz spectrograph, C is a hydrogen discharge tube (p'ig. i)for a 
continuous source both supplied by Adam Hilger, Bid. TT is a metal tube 
in which a nietal cell G open at both ends containing potassium was introduced. 
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The tube TT was first covered with a single layer of asbestos paper and then 
a piece of nichrome wire was wound round it. Finally, a sheet of asbestos 
paper was rolled round the tube so that there might not be any fluctuation 
in temperature due to external disturbances. The rest of the diagram is self- 
explanatory. M is a mercury manometer, Ai, Aa, A3, A4, are vacuum 
stopcocks and D is a gas washing bottle partly filled with strong sulphuric 
acid. Nitrogen was selected to be introduced whenever any change in the 
total pressure in the observation tube TT was desired, as any combination 
of alkali metals with nitrogen is unknown. The flow of nitrogen from the 
cylinder had to be regulated before connecting the cylinder to the pressure 



r 


I 


tube at II. The end F was connected to a suitable suction pump and, 
before heating;, the tube TT was thoroughly evacuated by running the 
pump for a long time and the stopcock Ai was kept closed for nearly 
24 hours* There was practically no change in the readings of the manometer 
within that period. Photographs were taken only when temperatures desired 
became stationary. Though with varying temperature vapour pressure of 
potassium was altered within the observation tube TT, its indication could 
not be detected in the manometer. So wc had to make an estimate of the 
partial pressures of the vapour of potassium by calculating the pressure by 

,the empirical formla (Johnston a/, 1928) log 10 ^52.23 A/T + 13 , where p 

is the pressure in mm. and T is the temperature on absolute scale. The values of 
A and B for potassium are 84.9 and 7.183. 

Alterations in the total pressure could only be read in the manometer 
when nitrogen gas was introduced, i.c., only when the pressure-communicating 
medium was present. 
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Table I 


Spectrum 
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Partial vapour 
pressure of 
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RESULTS 

The results of the experiment are entered in Table I. The figures in 
sixth column give the variation of the intensity of the line - (a) 3 , i.e,, 

A,*®4045.6S.. The intensity of other absorption lines varies in exactly the same 
way. From the figures it is quite apparent that intensity of each line increases 
with total jiressure. The rale of increase in intensity is greater at low pressures 
than at high pressures. Again we notice in column 5 that the number of lines 
also increases with total pressure. But here we also notice that after a certain 
value of total pressure is reached the number of absorjrtion lines becomes almost 
constant. An inspection of column 2 and 5 read with figm-es in column 3 
shows that the number of absorption lines at high partial vapour pressure is 
greater than at low partial vapour pressure. Thus number of lines at partial 
vapour pressure 3 mm. varies from o to 7, at partial vapour pressure 2x umi. 
varies from 6 to 10, at partial vapour pressure 58 mm. varies from 10 to 14 
and at partial vapour pressure 400 mm. varies from 10 to 15. From these 
we conclude that greater number of absorption lines can be seen when the 
temperature, i.c., when partial irressure of the vapour of the metal is increased. 
It is also deal that partial vapour pressure of the metal which depends upon 
the temperature of the tube has greater influence on the number of absorption 
lines than the total pressure. The effect of total pressure on the intensity of 
the lines, however, cannot be doubted. 

m 

It is also to be noted that two sharp absorption lines on both sides of the 
line i-c,, A = 344 7- 2^ were clearly seen in the negative taken 

at temperature 695'’C, though their presence is not indicated in the print 
marked u (Plate II). 

More detailed study of the main iiroblem of this paper together w ith that 
of the lines referred to in the last paragraph is considered necessary before 
attempting to give any explanation of the phenomena. 

Our thanks are due to Profesisor S. P. Prasad for giving us every facility in 
conducting this piece of work. 

DiU'ARTMKNI op PliV.SlCS, 

SciENCK CoLUiOk, Patna. , 
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THE BAND SPECTRUM OF PHOSPHORUS PART 1 
ROTATIONAL STRUCTURE 

By K. NARAHARI RAO 

[Received for publication, Jan. 30, 79^3) 

ABSTRACT. Tlie band .spectrum of pliosphorns, n.s excited in a di.schnrge tube, has been 
photographed with B Hilger large cjiiartz Littrow spectrograph and the band.s (9,31), (5,3 j 1, 
(5,18) mid (4,18) have been mea.sured. The analysis of their rotational structure has led to 
the following values of the constants (in cms. 

B'4=o.2346 B"i8=o.2799 

B'B-0.2323 B''2i=o.2736 

89=0.2255 

The constant for u'=9 agrees with that obtained by Herzberg and also by A.shley, the 
others being newly obtained. The absence of any perturbations in the Trotatioual structure 
of the bauds (5,21) and (5,18) has shown that the perturbations pointed out by Herzberg must 
be only vibrational. 


INTRODUCTION 

While the band spectrum of nitrogen has been very extensively studied, 
investigations on that of phosphorus are comparatively few. The P2 molecule 
is well known to emit an extensive and typical band spectrum ranging from 
A. 3500 down to the very extreme ultraviolet till about Aigoo. The lower region 
of emission does iwt appear to have been adequately Investigated. Apart from 
the very early work, the more recent and important investigations on this band 
spectrum consist chiefly of those of Jakowlewa (1931), Herzberg (1932), Ashley 
(1933) and Jenkins (1935). Jakowlewa was the first to suggest the vibrational 
analysis of the spectrum. Herzberg confirmed and extended the vibrational 
analysis. He also reported the rotational structure of the bands with the 
initial levels u'=8, 9, 10, ii. The most important points in the work of 
Herzberg, however, were the detection of perturbation in the vibrational 
levels v'= 2 and 5 and of the phenomenon of predissociation exhibited by the Pa 
molecule. 

Herzberg plotted the difference between the observed and the calculated 
v(u',o) values against the vibrational quantum number v' and found the differences 
at v'=2 and 5 to be abnormal, and beyond what might be accoimted for as 
possible errors of measurement. So he concluded that the vibrational levels 
v'= 2 and 5 are strongly perturbed. 

Ashley redetermined the rotational structure of the (8,27), {8,28), and (9,28) 
bands previously analysed by Herzberg and in addition, she made the fine 
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structure analysis of the (6,22) and (6,23) bands lying further towards the 
ultraviolet. The bands were photographed in the second order of a 21-foot 
concave grating, a more accurate evaluation of the rotational constants being 
thereby obtained. The chief aim of her work was the estimation of the alterna- 
tion ratio of the intensities of the rotational lines in the spectrum. A more 
direct method of determining this ratio was attempted later by Jenkins. The 
ratio arrived at was 3:1 within limits of experimental error in the case of (6,22), 
(g, 28}, (y, 20) and (10,31) bands, while in the (5,21) band Jenkins got the ratio to 
be between 3.4 to 3.5:1. This larger ratio which is theoretically inadmissable 
was interpreted by him as due to strong perturbations in the band (5,21) or to 
another fainter band that may perliaps lie underneath this. 

If the anomalous value is due to a strong perturbation it would be expected 
that similar anomalies might occur in other bands involving the vibrational 
level v'=5 which is reported by Herzberg to exhibit strong perturbations. 

It IS therefore found desirable to examine the rotational structure and 
determine the alternating intensity ratio in the case of bands having this perturb- 
ed vibrational level. The present part deals with the fine structure analysis 
ofthe(c),2i), (5,21), (5,18) and (4,18) bands. Two of these have v'== 5. The 
above four bands have been selected for study, as they are free from overlapping 
by other bauds and, as such, are suitable for analysis even under the compara- 
tively low dispersion used. The results of the determination of the intensities 
of the rotational lines and of the alternation ratio will be reported in a succeeding 
part. 


U X P K R I M K N T A I, 

The phosphorus bands have been excited in an ordinary H-shaped discharge 
tube of the tyiie used by Sastry {1941). Preliminary trials with tubes of 
different bore have shown that the bands could be excited conveniently in a 
tube with the central portion having a bore of about 2 mm. The container 
was filled with red pho.sphorus and the electrodes were aluminium rods. An 
uncoudeused discharge from a 1/4 kilo- watt transformer was passed. It was 
found essential to heat the container frequently in order to get the spectrum 
free from nitrogen and other impurity bands. Overheating of the tube, however, 
had to be avoided as in such a case the discharge ceased to pass. The tube was 
continuously evacuated with a Hyvac pump which was protected from the 
phosphorus vapour by a series of absorbing towers containing potassium 
hydroxide, calcium chloride and i^e-cooled buffers. Care was taken to see that 
phosphorus did not deposit itself on the quartz window by cooling the wider 
portion of the tube behind the window. 

The instrument used for photographing the spectrum was the Hilger large 
quartz Tittrow spectrograph of type El, with a dispersion of 3.5 A.U. per mm. 
in the region investigated. With a very narrow slit width, exposures of about 
30-40 minutes gave good photographs show.ing yv'eE-defined rotational structure. 
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ROTATIONAL CONSTANTS 
Taiile I 

Structure of the band (9,21) 
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Structure of the band (5,21) 
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Tabi,e III 

vStructure of the band (5, 18) 
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Structure of the band (/\, t8) 
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R 0 T A T T O N A L T R U C 'C U R K 

The phosphorus bawds due to the Po molecule possess a simple rotational 
structure, the electronic transition involved being Tl;ie predicted 

branches in a band ore only a single P and a single R, the Q branch being 

forbidden. The fact that only the strong lines of the P branch need be assumed 
to be in coincidence with the strong lines of the R branch and similarly for the 
weak lines was of valuable hel]> in deriving the analysis. The stronger lines 
arc assigned odd values of J. In "J'ahles 1 to IV the structure of the bands as 
divided into the R and P branches is given, These tables also contain combina- 
tion differences. It is seen that the values of AyP' agree for tlic (g,2i) band 
and the (0,28) (d, Ashley) justifying the assignment of a common initial vibra- 
tional level. vSimilarly, the agreement of values in the case of (4,18) and 

(5,18) hands confirms that the bands have a common final level. A difficulty is 
experienced during the analysis of the ^5,21) band. At the tail end of the band, 
the assignment could be arrived at easily, lint when the classification was 
extended towards the head uf the l^and (beyond v 33,956.0) the differences were 
found to be out of step. This at first suggested the existence of strong peiiiirba- 
tions in this region. But, the analysis arrived at for the (5>i^^) band involving 
the level e'==5 extends very far towards the head of the band and does not show 
the definite existence of any iierturbation. It is, tlieiefore, convsidered that the 
difficulty in extending the analysis of Ih.o (5,21) band is due to the probable 
overlapping of a fainter band occurring just in this region. That tliis is i)lausib]e, 
is obvious from the photograph of the band also. Just after v 33,056.9 there 
is seen in tlio picture a distinct change in the si'cctiiun suggestive of an over- 
lapping. 

P\)r determining the rotational constants the following foninila for the second 
differences is used icf. Jevon’s Report on Band Spectra) ; 

A2F-4B.(J + i) + 8D.(J ^i)^ 

aB ^ 

The value of was at first estimated from the usual relation D,, = “* , in 

which a),, was taken from the equation given by Herzberg and an approximate 
preliminary value was adopted for Then the term was sub- 

tracted algebraically from the corresponding AgF/fJ-t-i)- The resulting value 
of 4B„ obtained for different J values were then averaged. The absolute values 
of the combination differences were plotted against J in order to check the 
absolute numbering of the rotational quantum number. Only those points lying 
on the curve W’'ere taken for evaluating the constants. The procedure for the 
upper state as well as the lower was the same. Values of and o. are also 
calculated. The resulting constants are given in the following table which 
contains also those due to Herzberg and Ashley for comparison : 

y' = i8 '^'==4 

B 0.2736 0.2799 0.2255 0.2323 0.2336 
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Author 

Hrrzberg 

Ashley 

H/ ... 0.3420 

0.24197 

0.2415 

ft' ... ... 0 0017 

0,0017 

0.00164 

B/' ... 0.3187 

0.31424 

0.3057 

a'" ... ... 0.0021 

0 001 Q 

0.00165 


SUMMARY 

The rotational structure of four bands, two of which involve the initial 
vibrational level 5, has been examined. The structure does not reveal any ' 
rotational perturbations and it is concluded that the i)erturbations shown by \ 

Herzberg must be only vibrational. The constants for = 4, 5 and v" = iR, 21 \ 

are' newly obtained. 

The author is indebted to Ur. K. R. Rao for his advice and guidance in the 
course of these investigations. 
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INTENSITY-DISTRIBUTION IN MOLECULAR-SPECTRA : 
CLASS I SYSTEMS OF HgCI AND HgBr 

By M. G. SASTRY 

[Kcccivcd lor publication, Dec. //, 

Plate III 

ABSTRACT. Using the slit-width method and a cnlibralcrt quartz Kipp and Zoneii stan- 
dard ribbon lamp, the " peak inlen.silies ” have been dclerniined for the bands of the Class I 
system of llgCI'^''’ and IlgUr^' K ing in the region between and A2400. The transitK)!! 
probabilities for the various bands in each system have hence been derived, These experimental 
values Jjave been found to agree with Condon’s theoretical considerations. The Morse cnerg)' 
function was assumed for drawing the potential energy curves. The effective temperature of 
the source has been estimated assuming Maxwell-Boltzmann di,stribntion . 

INTRODUCTION 

'I'he intensity distribution in bands extending over long spectral regionsis 
but little investigated and only in the case of a few molecules have quantitative 
data been obtained. Ornstein (1938), Elliot (1930), Johnson and Tawde (1932), 
and Tawde (1934) among others made accurate measureraeut of the intensities of 
certain band systems due to lighter molecules. Mercury chloride and mercury 
bromide are comparatively heavier molecules, giving rise to prominent band 
systems in the ultra-violet in the region betw'een A37oo-24<.io and quantitative 
estimate of the intensities of these arc considered to be of value in relation to the 
Franck-Condon theory (Jevons). The present paper gives the results of such 
determination with respect to the Class I systcnis of these two molecules HgCl 
and HgBr. 


SXPBRIMKNT/VL 

The intensity technique and the photographic procedure adopted in the 
present case are essentially the same as those used by Johnson and 'J'awde (19321. 
For work in the ultra-violet region in which the bands were situated, a quartz 
standardised ribbon lamp calibrated by a monochromater do\vn to A2400 and 
supplied by Kipp and Zoneu was used. The bands were obtained in a discharge 
tube as described in the previous papers by the author (Sastry, 1941). Photo- 
graphs were taken with a Hilger medium quartz siiectrograph and Ilford speci.-.I 
rapid plates were used throughout. With the usual precautions in adjusting 
the times of exposure and in developing the plates the grain effect is found 
negligibler Plates with varying times of exposure were used to calculate the 
intensities of the weaker as well as the stronger band heads. The calibration 
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marks were given on the same plate using the slit- width method. The density 
marks and the spectrum are shown in Figs, i and 2 of Plate III. 

Micropbotometer curves were taken of the baud system and of the diflFerent 
intensity marks, successively along the entire wave-length range on a single 
photographic sheet at a .single setting of the microphotoineler. The Curve cor- 
responding to the .spectrum was thus superposed on those corresponding to the 
intensity marks in an exact manner with respect to the wave-length. This 
specin) proceduie considerably facilitated the evaluation of the densities at the 
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proper wave-lengtlis. A photograph of one such set of typical curves taken on a 
plate of IlgCl is shown in Plate III, Fig. 3 . The values of the optical density 
log («/«(,) for the different steps are calculated for a'particular wave-length, say A, 
at which the band head is situated. In finding the true density of the band 
head at any point the density of the background of the photographic plate at 
that point is subtracted from that of the band head at the same i^oint. 
Plotting the density values of the intensity marks against log 1 (where .I=F\dA 
xiv) the density curve was obtained. From thi.s curve the intensity corre- 
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Table III 

Transition Probabilities, HgCl 



Table IV 

Transition Probabilities, HgBr 
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sponding to the density of the band head at A was read off. On account of the 
rapidly varying sensitivity of the plate it was found necessary to plot a separate 
density curve for each wave-length at which a band head was situated and as 
many curves were drawn as there were band heads whose intensities had to 
be determined. 

The final values of the intensities thus obtained for all the band heads of the 
Class I systems of HgCl are shown in Table I on the scale of looo for the (o,o) 
band. Table II gives similar values in the case of HgBr. 

Immediately below the numbers denoting the intensifies in the above 
tables are given the T/v^ values of the bands, v being calculated from the vibra- 
tion constants given at the end. 

The S ^ values corresponding to the initial state v' are given in the same 

tables under column “Weight." The quotient of the l/v^ values of any band 
and the “ Weight ’’ of the initial state represents the transition probability. Tlicsf 
probabilities are given in Tables III and IV for HgCl and Ilgllr. 


T H R O R R T 1 C A I. 

The potential energy curves (Figs. 4 and 5) drawn to scale for the upper and 
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From these curves, the parabola representing the niaxinmra probability of 
transition was derived by the graphical method suggested by Condon (Jevons, 
p. 70). This parabola is superposed in its correct position on the data given in 
Tables III and IV for Hg Cl and HgUr, In the case of IlgCl the parabola is 
narrower than HgBr and the distribution agrees well with the experimental 
values. 

In IlgBr the parabola is slightly out of steiJ with the experimental values. 
This might be due to the superposition of the unresolved isotopic band heads, 
which in the case of bromine arc of equal intensity the abundance ratio of the 
Jh’^uid Br'*’ being i : 1. More probably it is due to the inadequacy of the Morse 
function. 

A peculiar feature that is noticed in the theoretical derivation of the parabola 
in botli band systems is that one arm is developed more than the other : this 
feature is in very good agreement with experiment which shows distinctly that 
the sequences of bands in both HgCl and IlgBr towards the violet end are better 
developed than towards the red. 


K P V E C 'r T V K T E M P 15 iv A T IT R E S 


'i'he first column in Tables I and II gives the nuniliei of molecules in 
the various initial vibrational states. Assuming that this is a distribution in 
thermal etiuilibrium at tomjieratiirc T of the source, we have, according to 
Maxwell - B ol t z 1 1 j an 11 , 


N-Noc 


-llrlkT 


SO that 


h c [ 0)' , (r ' + A ) - v' . 0.' , (v^ P 1 ) 2 1 = /e T. log , ^ 


No 


Substituting the various constants for HgCV*’'‘ sy.stcm 

34i.i(r> A) *“1.71 (t)'+ =1.6083 T log, 

The numbers No and N'r+j are given by the ‘ Weights ' corresponding to the 
respective initial vibrational levels. Plotting the vibrational energy against the 

ratio logtfV^"^~ the absolute temperatures are obtained directly. The effective 
-IN 1;+^' 

temperatures thus derived in the case of HgCl is about 1500^ and for HgBr 
1800A. 
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THE BAND SPECTRUM OF PHOSPHORUS-PART II ; 
ALTERNATING INTENSITY AND NUCLEAR SPIN 

By K. NARAHARl RAO 

(Received for publicaiion, March 5, 

Plate IV 

ABSTRACT. Elaborate quantitative measurements have been made of the alternating 
inleusities of the rotational structure lines in the case of the bands '5,21', (5,18), f9,2xl, and (8,22). 
The (5,2j) band alone gave the anomalous value 3.3 while for the others, the ratio on an average 
is 3.0. Such a high value (3.-1 to 3.5) was obtained for this band also by Jenkins (ie)33). But 
the anomaly cannot be ascribed to any effect of perturbation.' , as the (5,18) baud does not 
.show the anomaly and the rptational structure has not revealed any perturbations. The 
intensity ratio leads to a value of Jh/2ir for the nuclear spin of pho.sixhorus as determined 
by A,shley (1933) and Jenkins (1935). 

From a study of the rotational structure of the bands of phosphorus 
involving the level v'=5, the author has considered in a previous paper 
(Rao, 1943) the possibility of a perturbation of rotational lines associated with 
the initial vibrational level 5 which has been reported by Herzberg (1932) to 
show strong perturbations. The present part deals with the determination of 
the alternating intensities of the lines in the bands (5,21), (5.18), (9,21) and 
(6, 22) in relation to the nuclear spin of phosphorus. Two of the above bands 
chosen for study have the initial vibrational level 5. As such, the results of 
the determination of the alternating intensity ratio of the above bands throw 
light on the question of perturbation of the level v'=5. The method employed 
for determining the intensities of the lines is a direct one using a standardised 
quartz lamp and varying slit widths. 

EXPERIMENTAL 

The experimental arrangement for exciting the bands is the same as that 
described in the previous paper of the author. The phosphorus bands were 
photographed with a quartz Tittrow spectrograph on Ilford Special Rapid plates. 
With the usual precautions in adjusting the times of exposure and in developing 
thp plates, the grain effect is found to be negligible. 

For the purpose of deriving the blackening-intensity curves of the plate 
at any wavelength, density marks were given with varying slit widths on the 
same plate as the one utilised for recording the band spectrum of phosphorus. 
The slit is calibrated by a Hilger photo-measuring micrometer. The slit widtlis 
ehiployed were o.io, 0,25, 0.63 and 1.58 mms. The slit of the spectrograph 
was .directly, illuminated from a distance of about half a metre by a quarfz 
standardised lamp, calibrated at Utrecht. The lamp was run .on 220 vqlts D.C. 
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from high-capacity batteries aud a steady current of j6 amperes was sent. The 
exposures for the density marks were 25 minutes each. (Plate IV.) 

The calibration curve of the lamp gave the relation P> : A in the spectral 
region investigated and for the cui rent at which the lamp was worked (i.c., for 
tile corresponding temperature of the filament). The value of P>:Afor the 
regions investigated have been given in the tables supplied by the manufacturer 
along with the lamp. From these values and the dispersion curve dA/dm:A 
of the quart/ spectrograph (drawn separately) a curve is drawn in two dilTerent 
regions between liA/dA/dm and A appropriate to the standard lamp (at the 
temperature at which it is worked) used in conjunction with the particular 
spectrograph employed. 

The energy falling over a given region of the plate at any wavelength is 
given by Ka (dA/dm) W where W is the slit-width. 

Micropholometer curves were taken for the band system under study and 
of the different intensity marks successively on a single photographic sheet at 
a single setting of the micropliotonieter. Forty-nine times magnified micro- 
photonieler records are obtained separately for the individual bauds. The curves 
corresponding to each band in the spectrum are thus superposed on those 
corresponding to the intensity marks in an exact manner with respect to the 
wavelength. This special procedure considerably facilitated the evaluation of 
the densities at the proper wavelengths. The curve of the (5 ,j 8) band is given 
in Fig, 1 as an illastiation. 



The values of the optical density log (uo/n) C Uu ’ being the perpendicular 
distance of the zero line to the blank plate line and ' u * the distance from the 
zero line to the point coi responding to which the intensity is required to be 

evaluated) for the different steps and llie line (whose intensity is required) are 

calculated for a particular waxtlength, say A^, at which the line under study 

is situated. The density is plotted against log I (where I = Ea . dA/dm. W) 

From this curve, tlie intensity corresponding to the density of the line is read 
off. On account of the variation of sensitivity of the plate, a separate density 
curve for each wavelength at which a line is situated has to be drawn. As 
many carves arc to be drawn as there are lines w^hose intensities are to be 
evaluated* Here each band extends to about 10 Angstrom units at the most. 
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So in order to iiunimise the more laborious and tedious calculations cue curve 
is drawn for each band and the intensities of all the lines in the band are read 
off from that curve. 

The intensities thus obtained for all the lines in the band are corrected for 
the continuous background. The intemsity at the depression just preceding 
the peak corresponding to a particular line is subtracted from the peak intensity 
to get the actual value of the intensity of the line correcting for the background. 

In this manner, the intensities of all the lines (strong and weak) in each 
band arc evaluated. (The influence of frequency in not considered as it docs not 
affect the alternating intensity ratio.) In a particular band the ratio between the 
sum of all the intensities of the strong lines and that of an equal number of tlie 
w’eak lines lying in between the two gives the mean ratio of the intensity of the 
strong to the weak lines. This process is utilised for the determination of the 
mean ratio to minimise errors due to the blends of the P and R branches. 

In evaluating the ratio for the various bands those portions of the spectrum 
only where the structure is well open are chosen. A final value of the ratio 
of the strong to the weak lines is obtained by finding out the average of the 
values detennined for individual bands. 

A large number of plates (more than forty to fifty in all) w^cre taken 
varying Mie times of exposures of the standard lamp and the discharge through 
phosphorus and an equally large number of microphotonietcr records were also 
made fur the different bands. Only those plates for which the miciophotomelei 
record of the lines in the band lies in between the curves for the density marks 
are utilised for calculating the intensities in the manner indicated above. 
Great care is taken to see that such developer and hypo solutions are used 
which are filtered free from dust particles, the developer being of uniform 
standard in strengths for all the plates. The values obtained for tlie bands 
studied are shown in the table given below : 


Bands 
v\ v" 

Alternating intensity 
ratio 

5,31 

3.3 

5 . 1 ^ 


6,22 

3*1 

9.21 

2.9 


Average of the last 
three values is 3.0 


The table of alternating intensity ratios given above shows that the intensity 
ratio is approximately 3.0 for all the bands with the exception of (5.21) which 
gives a higher ratio. But that this is not due to any effect of strong perturbation 
(reported by Herzberg as associated with the vibrational level v'=‘s) is obvious as 
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the (5,r8) band does not give an anomalous value. The larger value of the 
(5,21) band must be ascribed to the probable overlapping of a fainter band which 
has given rise to a difficulty in elucidating the rotational structure. 

N U C L K A R S I’ 1 N 

It is known that the ratio of the intensity of the strong to that of the 
succeeding weak line in the case of the rotational structure of the bands due to 
the symmetrical molecules is given by the expression (I + i)/I where I is the 
spin moment of the nucleus. The experimentally determined ratio 3.0 for the 
Pa molecule obtained in the above investigation leads to 1 = the same as that 
arrived at by Asley (1933) and Jenkins (1935) • 

The author is indebted to Dr. K. R. Rao for his advice and guidance in 
the course of these investigations. 

SocAB Phy.sics Ladoratoky, 

Kodaikanai.. 
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DIPOLE MOMENTS OF THE CHIEF CONSTITUENTS 
OF LAC AND ROSIN 

By G. N. BHATTACHARYA 

{Received for publication, March 22, i()4^) 

ABSTRACT* Dipole moment of abietic acid, the chief constituent of rosin, has been 
determined from measurements on its dilute solutions in i, 4 dioxane. Similar ineasnreinents 
have also been made on d ilute dioxane solutions of pure lac resin (rcinhary.) and soft lac 
resin, the two main constituents of lac. The temperature of measurements was 25 ’C for all 
of them. The lalues obtained for the dipole moment of abietic acid, soft lac resin and pure 
lac resin are 1.35, 4.61 and 7.45 Debye units respectively, 


introduction 

Rosin and lac are two very important natural resins. The chief constituent 
of rosin is abietic acid and it forms more than qo% of American rosin (Ellis, 
1935). Considerable work has been done on the constitution of abietic acid 
by various investigators (Tschirch and vStuder, KJ04 ; Rii/.icka and Meyer, 1922; 
Haworth, Eetsky and Marvin, 1932 ; Hardhan and vSengupta, 1032) and there 
is still some minor controversy on the position of two double bonds and the 
carboxyl group regarding the structure proposed by Ru/.icka and his co-workers 
(Ruzicka, Ankersmit and Frank, 1932 ; Ruzicka, Waldmann, Meier and HdsH, 
1933). Fut the empirical formula CjoHaoO, for this acid has been established 
now. Shellac, however, has been shown to consist of two main fractions regard- 
ing its solubility in diethyl ether. The fraction which is insoluble in ether has 
been termed * Reinharz ' or ‘ Pure lac resin ’ or ‘a-lac’, and has been shown by 
Palit and Bhattacharya (1939) to consist entirely of a dibasic acid of molecular 
weight 1900. By treating this pure resin with very strong caustic alkali 
(5N KOH) and then decomposing the potassium salt with dilute sulphuric acid 
a white crystalline acid was obtained by Harries and Nagel (1922). This acid 
has been termed aleuritic acid and iW constitution has been definitely established 
aS 9rio, 16 tri-hydroxy-palmitic acid by these authors. Dialysis experiments 
(Palit, 1939) with shellac solutions in alcohol have shown that soft resin and 
puretesin of lac are separate bodies and further experiments with these fractions 
showed that they coiild not be further fractionated. This fact shows that pure 
lac resin or soft lac resin is not a mixture of substances of varying molecular 
weights, as was previously considered (Verman and Bhattachaiya, 1934; 
Shaeffer, Weinberger and Gardner, 1938 ; Shaeller and Gardner, 193S), but that 
they are most probably homogeneous bodies. The structure of pure lac resin, 
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however, is not yet known but a few tentative proposals have been put forward 
by a few workers from time to time. 

The ether-soluble fraction of shellac which is often called soft lac resin or 
simply ‘ soft resin ’ from its tarry consistency has been shown by Palit and 
Uhattacharya (ig,V)) to consist of a monobasic acid of molecular weight 530. 
Subsequent work at lliis Institute (1940) on the constitution of this fraction of 
lac showed that the molecule has one hydroxyl yroup and one carbo.xyl, and 
probably the empirical formula is It is apparent therefore that 

these substances cannot be included in the calei;ory of those w'hose structures 
have been established beyond doubt except perhaps abietic acid. Nevertheless 
the object of undertaking the dielectric study of these substances lies in the 
search for a veiy satisfactory explanation of the anomalous solubility of these 
substances in some of the organic solvents. Palit (ro<to) has very recently 
put forward an explanation for this anomalous solubility from a study of the 
solubility of a few natural resins in dilTercnt mixed solvents. It has been 
observed in that connection that many of the non-solvents for a particular re.sin 
may be rendered good solvents for the same by adding some ‘ polar-helpers ’ 
to tho.se non-solvents. From the current conceptions regarding solvation of 
large molecules and subsequent dissolution (Shei)pard, Carver and Houck, lOjS ; 
Hildebrand, 1036) it may be inferred that either the molecules of these resins 
are themselves polar in nature or the different constituent bodies act as polar 
substances towards these mixed solvents, the polar heliiers thus acting as 
solubilisers. The determination of dipole moments of the chief constituents of 
rosin and lac is therefore of considerable interest. In a previous paper the 
author (Bhattacharya, 19,12) has reported the results of dipole measurement on 
alcuritic acid and its alkyl esters in dioxane. The high value of electric moment 
of alcuritic acid reported in that paper has given imiietus to carry on the work 
further. But the extreme dill'iculty which is attendant with the purification of 
such resinous substances must not be under-estimated. 'Phe process of purifica- 
tion of abietic acid or aleuritic acid by repeated crystallisation, though laborious 
and very tedious, must he considered a simple matter when compared with 
the process of purification of the constituents of lac resin, viz., pure resin and 
soft resin. Their purity cannot be checked by determining the melting point 
as is u.sually done in the case of crystalloids and the determination of the 
refractive index was also a me.igre help in this matter. The elimination of 
other constituent bodies from a particular sample leaving only the desired 
fraction was the only process which was resorted to with extreme carefulness 
in these purification methods. • 

Wilson and Wenzke’s {1934) finding that the solvent i, 4 dioxane when 
used for the determination of electric moments gives correct values of moments 
of fatty acids had led many v\ orkers to use this solvent subsequently for the 
same purpose- The same solvent has been used in these experiments also, and 
it is perhaps the only suitable solvent for lac constituents. 



Dif^ Moments of Chief Constiiuents of Lac and Rosin 755 

. PREPARATION OF MATERIA IjS 

Dioxme . — The dioxane used in those experiments was American produce 
bottled by A. Boake Roberts & Co., Ltd., of Hngland and was purified according 
to the method already described in a previous paper (Bhattacharya, 1542). The 
various physical constants of the maleriai are as follows : 

F.P. = ii”.6C, n*“=i.4iQ8, (£” = 1.0282, 2024. 

Abietic acid . — Abietic acid manufactured by J. D. Riedel — 15 . de Haen 
A. G. of Germany was recrystallised six times from dilute methyl alcohol. 
After four crystallisations, the melting point of the sample became practically 
constant at ido'C. After two more crystallisations the sample was finally 
washed with the same dilute alcohol which was being used for crystallisation 
and it was dried in a vacuum-desiccator. Typical clusters of abietic acid crystals 
were obtained after a few crystallisations. The sample was then kept under 
vacuum to avoid o.vidatiori. 

A second sample was also used by crystallising twice from dilute methyl 
alcohol abietic acid obtained from American wood rosin by the method of 
Steele (1922). The tw’o samples, however, gave practically the same values of 
polarisation . 

Pure lac rc.iin . — Pure lac resin (Rcinharz) of about 92-95% purity w'as 
first prepared according to the method suggested by Palit (1942). It w'as 
powdered, mixed up with silver- sand and then extracted with diethyl ether in a 
soxhlet apparatus for the removal of final traces of soft resin. Finally the 
sample was extracted with petroleum ether in the same soxhlet apparatus for 
the removal of any trace of shellac-wax that might have been left. The criterion 
of the final stages of soxhlet extraction was obtained from the complete 
evaporation of a few drops of the extracted liquid from a clean glass slide without 
leaving any stain on it. When this was achieved, the resin was dissolved in 
alcohol, filtered free from sand, precipitated again from a large volume of 
distilled water and then drawn into fibres on softening from the boiling water. 
These fibres were dried in air, powdered in a mortar and then finally dried in a 
vacuum-oven a!t 40' C. - 

Soft lac resin.— -Soft lac resin w?as first obtained by soxhlet extraction with 
ether from kusmi shellac. This soft resin was then dissolved in pure ethyl 
acetate and boiled with decolourising charcoal to remove any colouring matter. 
The resin was then boiled with petroleum ether under a reflux vigorously stirring 
from time to time. Petroleum ether was renew'cd several times till this liquid 
evaporated on a clean glass slide without leaving a stain. The resin was 
then heated at ios“C in a vaccum-oven in order to free it from any adherent 
.solvent. 

4— 1465P- W 
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The experimental cell was made of pyrex glass according to the design 
of Sayce and Briscoe. The apparatus and the method used has been described 
previously f Bhattacharya, 1942)- 

Density measurements were made with a pytnometer of approximately 
25 cc. cajKJicity and the refi'active index measurements were carried out with 
a Zeiss-Al.)l)e Refractometer according to the method suggested by the author 
in a previous paper (Bhattacharya, 1940). 

All the measurements were carried out at 25''C. 

SYMBOLS 

The symbols used in the equations and tables are ; w, the weight fraction 
of the solute; the density of the solution at 25°C ; «, the dielectric 

constant of the solution. Pj, the polarisation of the solute ; Pa, the polarisation 
of the solute at infinite dilution; MRd, the molar refraction for the sodium 
D-linc ; /q the dipole moment ; T, the absolute temperature ; p, the specific 
Itolarisation ; po, the specific polarisation of the solvent; Pizt the specific 
polarisation of the mixture or solution, Mi, the molecular weight of the solute. 

CALCTTI, ATTONS 

Polarisations were calculated using Sugden’s formula (Sugden, 1934) for 
specific polarisation instead of molar polarisation, ' 

pe =— — . — 
c+2 d 

The total polarisation is calculated from the relation. 

Polarisations at infinite dilutions were obtained by employing the graphical 
extrapolation method u.sing Pi — w curves. 

Molar refraction for abietic acid was calculated as the sum of the atomic 
refractions (Swictonslawski, 1920 ; Getman, 1937) for the sodium D-line. For 
pure lac resin and soft resin, however, the electronic polarisations were calculated 
from refractive index measurements. “ 

The contributions of the atomic polarisations to polarisations at infinite 
dilutions were neglected. The dipole moments were calculated from the 
relation, 

/u — .0127 X 10“’® v'(P»-MRb 1 T . 

ACC IT RACY 

Density measurements may be considered to be accurate to o.Oi%, 
Dielectric constant values are probably accurate to 0,03%. 
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R E S U 1, T S 
Tabuj I 

Dielectric constants, densities, weight fractions and polarisations 
Solvent — ^Dioxane 

Abietic acid Sojt lac resin Pure iac resin 


70 

d 

€ 

p, 

lU 

d 

€ 


70 

i-f 

1 

L. 



o.ooocoo 

1.0281 

2.2024 

— 

0.000000 

1,0281 

2.2024 


o.oooooo 

1.0281 , 

2.2024 


0.004012 

1 .0284 

2 2062 

126*9 

0 003060 

1.0283 

2.2I8S 

575 

0.003310 

1.0284 

3-2155 

1647 

0 . 00473 ^? 

1.0284 

2.2065 

1 

I2/1'2 

0.006175 

1.0284 

2.3357 

577 

0.007153 

1 .0290 

2.2308 

I1618 

0.00S193 

1.0286 

2 . 2 IOJ 

I 27 'J 

O.OT0338 

1.0286 

2-2559 

556 

0.008824 

1.0292 

2.2382 

1641 

0.012087 

1 .0289 

2.2143 

128*5 

0.0x5948 

1.0290 

2.2S62 

557 

0.012723 

1.0296 

2.2569 

1702 

0.016954 

1.0293 

2.219O 

129*1 





0.018949 

1. 0301 

2.2804 

1652 


Tabi,u II Table III 


Substance 

n 

d 

n‘-i M 

Substance 



M X to'® 

71 ^ 4-2 d 


Pure rcvSiii 

1.5240 

1 .172 

495 

Abietic acid 

88,7 

126.7 

1*35 

vSoft Tcsiu 

1.4950 

1. 107 

137 

Soft lac rcjiin ... 

137 

580 

4.61 





Pure lac resin ... 

495 

1 

1650 

7*45 


DISCUSSION 

For abietic acid the molecular weight is 303, but no such exact figure 
is available for either pure resin or soft resin since the composition is not yet 
definitely known. But actual determination of the molecular weight both by 
the Rast method as well as by the F.P. method using dioxane (lihattacharya 
and Sen, 1939) has yielded an average value of 1900 for pure resin and 
520 for soft resin. These values have been taken in these experiments. For 
abietic acid the molar refraction was obtained from the constituent atomic 
refractions corresponding to the sodium D-line, taking the Ruzicka structure. 
Controversy on the position of the two double bonds or the carboxyl group, 
liowever, would not afifect the value of its molar, refraction at all. For pure 
resin and soft r^sin, however, the mola^,,iicefraction has actually been determined 
from refractive index and density , measurements. Density of pure resin has 
been determhi^ to be i.iya and ol feft reitin i.joy. 
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The value of moment obtaitied for abietic acid is only 1.35 Debye units. 
The structure of this acid as given by Ruzicka and his co-workers is as 
follows ; 



CHs 

H 

CHs 


It is difficult to comment on the low value of dipole moment of abietic acid 
from its complex structure when so many unknown factors are present and 
to try to do so will be wild si)cculation. But we may reasonably assume from 
this value of moment and the formula (CH3)2CH(CH3)2C]4Hi(,COOH that 
here the acid group provides the dipole. We are only concerned with the 
value of moment for the present. 

Soft lac resin has given a value of .^.61 Debye units. Work at this 
Institute (1940) has revealed that a molecule of this le.sin contains onii free 
hydroxyl, one free carboxyl, one lactone group and one double bond. The 
position of this hydroxyl or the carboxyl has not yet been finally ascertained 
but a tentative structure has been reported as follows : — 


a)^, CH-COOH 

I 

t) 

where .v + y^es. 

This structure gives 508 as the value of the molecular weight of soft resin, but 
for want of sufficient evidence, the average value obtained experimentally for soft 
resin, vis. 520, has been used. This uncertainty in the molecular weight values 
of pure and soft resins of lac will naturally make corresponding variation in the 
dipole moment values but that variation will probably remain within the limits 
of experimental error. 

Pure resin of lac has been found to have a moment of 7.45 Debye units. 
Its constitution is still unknown but as has already been said on saponification 
with very strong caustic alkali it yields aleuritic acid whose constitution is now 
known. Harries and Nagel (1922) reported the isolation of another acid from 
pure resin which they named shelloHc acid and to which they ascribed the empiri- 
cal formula CisHgoOit. Research workers in India, Hngland and America, 
however, failed to isolate this acid. Harries and Nagel consider that the resinous 
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chftrflcter of pure lac resin owes its origin to the splitting off of water front the 
molecules of aleuritic acid and shellolic acid forming lactides. Nothing more is 
known about the constitution of pure resin up till now. 

Shellac as such w'as not used for the study of its dipole moment since shellac 
may be looked upon as a solid solution of pure resin in soft resin in the 
unimolecular proportion. This view may be arrived at from the follow’ing 
considerations : 

(1) A simple alcoholic solution of shellac may be separated into its cons- 
tituents, viz., soft resin and pure resin, by dialysis. If shellac had been a 
homogeneous chemical compound this separation by such a simple physical 
process Jiiight not have been possible. 

(2) Shellac can easily be separated into its constituents by simple extraction 
with solvents such as moist ether, ethyl acetate, etc. 

(3) Average ‘molecular weight’ of shellac (if such a term is justified in the 
ca.se of a mixture) as determined by Rast method using camphor or by the F. P. 
method using dioxane lies within looo-rioo, whereas pure resin and soft 
resin gives about 1900 and 520 respectively. It is also known that shellac 
contains about 70% of its weight of pure resin and 30% soft resm. Combining 
these two facts we can easily see that pure resin and soft resin are simply 

mixed up to form shellac. Thus, in one grn. of shellac, there are gm. mol, 

lyoo 

of pure resin and gm. mol. of soft resin. That is, one gm. of shellac 

contains in all gm. mol., or x 10'^ gm. mol., if the indivi- 

1900 520 yob 

dual molecules are in an uncombined state. The average ‘molecular weight' of 

shellac, therefore, comes to be x lo'^ or 1058, i.e. 1060, say. The experi- 

934 

mentally determined value for shellac also corresponds to near about this figure. 
The determination of dipole moment of shellac was therefore not undertaken 
as it is considered that its behaviour towards a solvent may be understood from 
the behaviour of its constituents. 

It should be clearly understood, however, that polarity alone cannot give 
an idea of the intermolccular forces when a solute is placed inside a solvent, but 
that solvation is more probable when both the solute and the solvent are polar 
than when they are non-polar or even when one is polar and the other is not. 
For a better understanding of the dissolution phenomena of large molecules 
Coltof (1937) has recently shown that three actions, via*, swelling, dispersion and 
ballast action of the solvents must be clearly understood. Even the same solvent 
behaves differently with different solutes. He thinks that the atomic groups in 
the solvent and solute molecules are responsible for this behaviour and a complete 
understanding of the behaviour of a large number of solvents towards a particular 
solute may lead to the making , up of mixtures of non-solvents which are good 
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solvents of the same solute. Polarity is certainly a very important factor in 
this behaviour, but any one physical constant such as dielectric constant, polari- 
sability or the electric moment cannot be the only criterion for its solubility. 
Tlie fact remains, however, that pure iac resin is more polar than the soft resin 
and that the polarity of abietic acid is of the order of a simple fatty acid. 
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ON THE AXIAL LENGTHS OF PHLOROGLUCIN 
DIHYDRATE CRYSTALS 

By C. R. BOSE 

AND 

RANjri'KUlVJAR SEN 

{Kcicivcd lor publication, April sS, ig^^) 

ABSTRACT. The iixiul lengths of Phlorogliicin Dihydrate crystals have been accurately 
dcterniined. The vahie.s obtained arc <7 = 6.740 A.n., h^.S.ogo A, u., i-= 13.6,1/1 A. ii. The axial 
ration determined from goniometric ineasuremcnl.s of the crystal arc a; b : c .,83^4 : i : 3.366. 
'I'lie density of the crystal is found t<i be 1.45,3 gms. per c.c 

(Jii exainming the axial ratios of Phlorogliicin Dihydrale crystal given in 
flroth’s Chemische Kristallographic (Vol. IV, p. <St))and the ratios of axial lengths 
found from X-ray study (Hauerjee and Ahmed, 1938) a discrepancy appeared 
which was much higher than the limits of accuracy usually attained in such 
experiments. So it was thought useful to repeal these measurements. 

The axial lengths were measured from rotation and oscillation photographs 
ill a cylindrical camera of diameler 8.3 cms. Hoth copper and iron K„ radiations 
from a Madding tribe were used foi Uiis purpose. 

A small crystal was mounted successively with the three cryslallographic 
axes parallel to (he rotation axes by the help of a t'/.apski two circle theodolite 
goniometer. \Iu order to eliminate uncertainties in the determination of the 
diameter of the camera due to want of axial symmetry of the camera if any, fine 
aluminium powder was dusted on the crystal. The diameter of the camera was 
thus determined accurately from the aluminium lines for each photograph sepa- 
rately. This also removes any error arising in the process of mounting the film 
in the camera. 

To obtain the layer line distances, the distance between pairs of correspond- 
ing spots on two layers of the same order one above and one below the equatorial 
line was measured. Half of the mean of these distances was taken as the layer 
line distance for that order. The axial lengths were thus calculated separately 
from different layer lines for the three axes. The mean values of the axial lengths 
thus obtained were 

0=6.744 A.U , 6=8.093 A.U., 0=13.615 A.U, 

These values of the axial lengths were used for indexing the diffraction spots whose 
positions were accurately determined. Very accurate values of the axial lengths. 

*6™i455P-lII 
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were thus obtained. Very small crystals were used so that the diffraction spots 
wei'f appreciably small. With the help of the calibrated diameter of the camera 
the angles of reflection of tliese spots were calculated. The results of the measure- 
ments are given in 'I'able I where the first coluniii gives the indices of the planes, 

T fe® k‘^ 

the second gives 2&, the third and the fourth give d and - , or -g + ra+Ta 
respectively, whence a, b and c have been calculated. 

Table 1 


Planes 

2O 

d 

1 

d* 

Axial lengths 


b 

c 

6' »o 

86^36' 

2,122 

79.3 

6.733 , 

— 


006 


2.26.1 

•195 

— 



13 .SS 9 

u8o 


1 .012 

.077 


8.096 

— 

008 

69*15' 

1.702 

’345 

— 

— 

13.616 

,00(10) 

90 * 37 ' 

1.361 

■.S 4 " 

— 

-- 

13.611) 

630 

95 * 45 ' 1 

1 .039 

.963 








6-745 

8. 085 


650 


.922 

1.083 

) 




DCp 

I 24 '’ 48 ' 

868 

i 1325 






1 

1 

6.736 

8.f)9o 

— 


70*44' 

! 1 3^0 

; .566 1 




1 

1 54*45' 

i 1 .074 

. 1 

-.357 


— ! 




1 


6,7,16 


x. 3-595 

t u 1 

51 "h/ 

; I 687 

35 J 

j 



4t)2 

5 t)" 7 ' 

1.637 

; -373 

1 



13.615 


Mean value of the axial lengths : — 

11=6.740 A. 1 , 1 . , (>-8.090 A. r , f =13.604 A. r. 

The crystals were also studied by a two circle theodolite goniometer. A few 
good crystals with well-developed faces were chosen and each was mounted 
successively wdth the three crystallographic axes vertical and the interfacial angle 
between the corresponding zone faces were measured by the horizontal circle. 
The mean values from the measurement of several crystals are given below 

m : m (no) ; (no) = 79'’33' 

r ; r (loi) : (ioi) = 2 7°47' 

The interfacial angles as quoted by Ciroth : — 

m : ni (no) : (iio) = 79'’i' 
r ; r (101) : (toj) = 27°8' 
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The axial ratio a ; b obtained from our measurement of the interfacial angle 
(no) ; (no) came out to be .8324 : 1 

. The axial ratio b : c obtained from the interfacial angle (loi) came out 
to be I : 3,366 

Thus from the interfacial angles we have : — 
a : b : c : : .8324 : 1 ; 3.366 

The axial ratios from the X-ray nieasuremeuts are 
a lb ■. c :: ,8333 : i : 3,362 

The ratios from the Groths’ quoted values arc 
ti : b i I :: 8261 : 1 13 I172 

Tlie density of the cryslai was (leteimined by kclgei ',s sust^ension method 
troni a solution of zinc suliihate in water. Very snialJ particles fioni flawless 
crystals were used, yeveial observations were taken and the mean value of the 
density w’as found to be 1.453 The number of n olccu'es per unit 

cell thus came out to be ,<|. 'I'hc density of the crystal was also calculated from 
the mean value of the axial lengths dctcrnuned by us and was found to be 1.442 
gins, per c.c. 

Our grateful thanks are due to Trof. .S. N. Bose for his kind interest in the 
work and to Dr. K. Baiierjec for suggesting the problem and guidance. 

Dacc.^ UnivkrsiTv. 
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ON THE 1'HEORY OF PERFORMANCE OF WIDE AND ULTRA- 
WIDE BAND LATTICE TYPE CRYSTAL BAND-PASS 
FILTERS CONTAINING STABILISED NEGATIYE 
IMPEDANCE ELEMENTS 

By S. P. CHAKRAVARTI 


(Kc reived for ApiiJ jS\ iqi;] 


ABSTRACT, lljc papcj rclutfiS l(» thf (:IiL‘(/ry of perfuruifiiicc of vnkIo nnd baud 

lattice typi! rnslal liami-pa^s filter mtuuih coiitaininft crystal, capacitaiM c, inductance and 
stabilized negative impedunce clcuicnts developed by the author elseu hc't c. One typical .section 
of each of th eCIa.ssc.s T and II ha.s been clio.seii for consideration. 

The typical lattice section of Cla.s.s 1 con.si.sts of a serie.s resonant element in the. .scrie.s 
aim and a cryiStal (mounted between two electrodes) connected in seriis uith a stabilised 
negative impedance element in the lattice aim. l'i\e important co.ses have heeii considered, 
Natme of reactances in , '■erics and lattice arms fin the five ca.scs with their .subcases ha.s been 
investigated, and the po.ssibility of attenuation peak and "or wavint.ss in total inserlioii-lo.ss 
characteristics has been discussed. The lattice .section ha.s been i educed to an equivalent 
T-scction for calculation purpo.se. Characteristic impedance and its natinc have been 
di.scussed. The cut-off frequencies have been ditcnnincd and the aWcmiation and phase 
con.stunts of the section have been obtained. 

The typical lattice section of Class 11 eon.si.sts of a cryst.al (mounted between tw'o electrodes) 
connected in parallel to a .stabili.sed negative iinpcdance element in the .series niin and a cry.stal 
(mounted between two electrodes) connected in series with a stabili.sed negative impedance 
element in the lattice arm. Four important oises have been c onsidi red. Nature of reaelaiiees 
in series and lattice arms for the four eases with their subcases has been investigated. The 
lattice section ha.s been reduced as before to an equivalent 'r-.seclion. (’barneteri.stie impedance 
and il.s nature have been discus.sed. The cut-ofi frecmencics have Ik eii determined and the 
attenuation and phase eoiustants of tlic section have been obtained. 

I. INTRODUCTION 

The simplest type of crystal baiid-pass filter is the ladder section (Mason, 
1934) consisting of crystal and capacitance elements which gives a small trans- 
mission band-width. By using a lattice section (Mason, 1934) employing crystal 
and capacitance elements, it is possible to get a larger band-width which 
is still much less than the requirement. Lattice section (Mason, 1934, 1937 ; 
Stanesby and Broad, 1939, 1941 I Stanesby, 1943) using crystal, capacitance and 
inductance elements is capable of giving much larger band-width than the 
lattice section without the inductance clement, but this still remains much narrower 
for' majorily of requirements of the modern communication sy.slems. Besides, 
the use of induclaucc coils of comparatively lower ‘Q’ value gives large attenua- 
tion in the transmission band, 
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The author in a previous paper (Cliakravarti and Dutt, 1940) developed 
wide l>and and ultra-wide band low-loss lattice type crystal band-pass filters 
containing crystal, capacitance, inductance and stabilised negative inipedauce 
elements. The characteristic impedance and total insertion loss characteristics 
of such lattice sections have been measured and the sharpness of cut-off on 
the two sides has been compared to that of lattice sections using crystal, 
capacitance and inductance elenieuts. 

The w'ide and ultra-wide band crystal band-pass filters so developed have 
considerable applications in several types of modern communication systems — 
for example, as band-pass filters in television and broad band carrier current 
.systems and as band-pass filters and band pass couplings in multi-channel radio 
telephone transmission and reception systems. By reducing the band-width 
to less or somewhat less than that required for the above communication 
systems (wdiicli is possible by the methods developed), they are capable of 
being utilized for various other inseful purposes m short-wave and medium wave 
radio systems. 

The present paper relates to further investigation regarding the iierformance 
of wide and ultra-wide band lattice type crystal band-pass filter sections 
(designateil as Class 1 and Class 11 types in the author’s previous paper) using 
crystal, capacitance, inductance and stabilized negative impedance elements. 

IT. \K' I I) 1<; AND r: I, 'l' u a - W I d e band d a t t i c e t y p e^ 
CRYSTAL BAND-PA SvS P I L T E R vS R C T I O N— C L A S S 1* 

Consider a typical Class I lattice section in which a series resonant element 
(consisting of an inductance and a capacitance connected in series) is in the 
series arm and a crystal (mounted between two electrodes) connected in series 
wdth a stabilized negative impedance element is in the lattice arm [Fig- 


(«) (b) 



(c) 


Fig. I 
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r. DTPPKRKNT CASKS 

Five iniportaul cases may arise as follows — (i) in which the negative 
impedance element is detuned to the crystal frequency as well as to the 
resonance frequency of the scries resonant clement ; (2) m which the negative 
impedance element is tuned to the resonance frequency of the series resonant 
element but the crystal frequency is different ; (3) in which the negative 
impedance elemtnl is tuned to the crystal frequency but the resonance frequency 
of the series resonant element is different ; (4) in which the series resonant 
clement is tuned to the crystal frequency but the negative impedance element 
is tuned to a different fiequciicy ; (5) in which the negative impedance element 
is tuned to the crystal frequency as well as the resonance frequency of series 
resonant element. 

vSupposc Fi=resonance frequency of the series resonant element (in the 

series arm), F2“rebi nance frequency of the parallel resonant element incor- 

porated in the stabilized negative impedance element (in the lattice arm), ^ 
resonance frequency of the ciystal (in the lattice arm), and Fo^overall frequency 
(or anti-resonance frequency) of the crystal (in the lattice aim). Then in case (1) 
Fi,F 2 and Fn (oi\/(,) are all different; in case (2) Fi=F2 but (or /o) 

IS different ; in case (3) F2‘=^Fo (or /o) and Fj is different ; in case (4)Fi =Fo 

(or to) and isdiflerent; and in case (3) Fi — F^^Fo (or /(,) 

:• N A T T: R K O V R K A C' T A K C K I N S K R 1 K S ANT) 

Iv A T r I C V A R M S 


Fig. j. shows the reactance-frequency characlcrislics of the series and 
lattice arms diawn for the five cases mentioned above. The c viive marked I 
refers to the chaiaclcristic of the Hiics lefnmiit cIlii uit i]i ti c sciits ann ; 
the curve maiked IIj rcfeis to that of tlie negative inq^cdaiice elenunl in the 
lattice ann, and the ciuve maiked II;* refers to that of the ciystal (mounted 
between electrodes) in the lattice arm. 

The nature of the reactance characteristic of the negative impedance eleireiit 
in the lattice arm follows fioin the following calculations. The impedance of the 
negative impedance element is given by 


7 <* 

" R«(l -jiuL” 

The reactance component of nZ 2 can be shown to be 

V — ■ ~ 



on dividing both numerator and denominator by oijK,?. 


(0 

( 2 ) 


( 20 .) 
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CASE (4) WHtN f„-F. Ok F„.l, AHO I, IS DifftRtm 



•Assume that the total shunting capacitance Cs has been kept more or 
less constant at a suitable value (i.e., by means of an external capacitance) 
when h.f. voltage of varying frequency is impressed on the negative impedance 
element; that the resonance frequency of Lo-Cj parallel combination 
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associated with the negative impedance element is'Fg’Mc/s. Therefore with 
b.f. voltage of varying frequency applied to the negative impedance element, 
the magnitude of the resistance component only has to he taken to change 

with w according to the approximate relation /R„/= [found by the author 

ti)* 

elsewhere (Chakravarti and Das, 10.13)] where in is a constant. Then 

\ "J 

- - 


c'i{ ...I,.,- \ )^+ ^-'1 u,* 

\ o f ni " 


2 re 
J ^2 


h) 


Wlicn <« < , - 


I . ^ . 

will he negative and hence xXq will be i)ositivc; 


when w— - xXr,- () ; and when oj> , wLg ~7-x will be 

vLoCo ' V LoCa <*'^2 

positive and hence nX 2 will be negative. 

vStarting from a point before Fo the frequency is increased the magnitude 
of the posilive reactance has been found to increase till a frequency say Fg-”/' 
and then to decrease rapidly to zero value nl F2. After the re.sonance frequency 
Fu is passed, the reactance is of negative sign and its magnitude at first increases 
till a certain fiequency say and then decreases to low value as the 

freejnency is further increased. The form of the reactance curve is shown in 
Fig. 3- 



The nature of the reactance characteristic of a typical negative impedance 
element can be seen from figures in Table I. C3— 44x10 

Ra==2Xio® ohms at 5 Mc/s, ohms at 6 Mc/s, o.qxio^ ohms at 

7.6Mc/s, ci.8xio‘^ ohmsatSMc/s and 0.68x10'* ohms at 9 Mc/s, 0.5x10^ 
ohms at 10 Mc/s and = 7^6 Mc/$ roughly. 

6— 1455?— Ill 
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Taw.k 1 


1 

Frecfticnc'y 
Mr/s 1 

[ 

i 

1 ^ 

1 ^ 

1 "C, 

1 

i 

1 

\ wC, / RJ 

ohms 

S i 

440 ^ 10‘ ’ ^ 

; - 

i 

j 

3.3,5x10“’'’ 

+ 540 

1 

440 X 10“ ‘ ^ 


1 

1 

1.40 X 10""’ 

+ 691 

7.6 ] 

440x70 ’ ” 

0 

j 

1 33 X 10 ' ” 

0 

K 1 

440 X 10' ‘ 


I 

I .76 X 10 “ ’ *’ 

“135 

i 

440 X i(,r ' ** 

+ 167 

i 

2.63 *< TO ' ’ ” 

-270 

w 1 

1 

440 X 10“ ' ® 


i 

1 

5.0 X lo *' 

-213 


It will be noted that such a variation of the reactance of negative impedance 
element as shown above added on to the typical variation of the reactance of 
a crystal agrees well with the variation of the measured value of total reactance 
‘X2‘ in the lattice arm with frequency for the untuned case giv’eu in Fig, R, 
on page 305 of the author’s previous paper (Chakravarti and Dntt, 

It will be seen from the reactance diagrams drawn for dilTerent cases in 
Fig. 3 tliat the performance of wide band and nltra-wide band band pass filters 
depends not only upon the values of Fi, F2 and I',, (or /n) but upon their 
location in the frequency spectrum with respect to one aiuMlici. 

Further, in all cases and sub cases the probalrle cut-oft frequencies indicated 
on the diagrams arc on the basis that the impedances in scries and lattice arms 
are purely reactive. In actual practice the impedances have resistance conqio- 
nents as well and the results get modified. For example, if the .series resonant 
element in the series arm be taken to contain no resistance, it is evident that at 
h'l the reactance is zero and Z, (where Z., is the total impedance in each seiics arm 
of the lattice section) is also zero. Hence the characteristic impedance of the 
lattice section becomes zero giving a cut-oh frequency at F]. On the other 
hand, if the series resonant clement in the series arm has a resistance component, 
the characteristic impedance of the section at Fi is not zero; and the total 
insertion lo.ss characteristic will be characteri.sed by reflection effects giving the 
‘effective cut-oEf frequency ’ somewhat different from Fj. _ 

Take case (1) in which Kj, Fij and Fq (or /o) are different, (a) shows the 
condition when Fa <F] <Fo (or /o), and Fa and Fi are nearer to each other. 
It will be observed that the reactance in the series arm and the total reactance 
in the lattice arm are of the sama sign between Fg and Pi with the magnitude 
of the latter reactance greater than that of the former and further the reactance 
in the series arm becomes zero at F 1 . Cojjsequcntly it can be expected that 
there will be large attenuation and/or wavincss in the total insertion loss charac- 
teristic between F 3 and Fi. This condition may give rise to two band-pass 
filters having almost adjoining transmission bauds or a single band-pass filter 
of larger band-width with waviness about Fj according as the resistance com- 
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pouent of the impedance in the series arm is negligible or has appreciable value 
and also according as Fg is farther away or much neater to Fj ; 

(h) shows the condition when F|<F;}<Fo (or /o), and h' i and F^ are 
iieaier to each other. The probable positions of cut-off frequencies are indicated 
by arrows. In this case the transmission band-width will be large and the 
cut-off will be equally sharp on both the sides. The total insertion loss charac- 
teristic over the transmission band is expected to be fairly even ; 

(c) shows the condition when Fj </,, <Fo <Fo, and Fj and F2 are 
nearer to /o- The i)robable positions of cut-off frequencies arc indicated by 
arrows. In this case the transmission band-w idlh will be large and the ent ofl' 
will not lie equally sharp on both the side.s; 

(d) shows the condition when Fo <F„ (oi f„] < Fi, and Fj is nearer to Fq. 
The tiansmission band-widtli may be small us indicated by arrow.s 1-2, or may 
be large as indicated by arrows 1-3 with waviness in the total insertion loss 
characteristic about Fj. The sharpness of cut-off is expected to be unequal on 
the two sides; 

(c) shows the condition when Fa <Fo (or ^o)<Fi, and Fj is far away 
from Ffl. This condition is expected to give small transmission band-width and 
the sharpness of cut-off may be more or less the same on both the sides ; 

if) shows the condition when Fi <Fo (or /o)<F2, and Fa is far away 
from Fo. This condition may be suitable for wide and ultra-wide band band- 
pass filters. The nearer Fa is to Fo, the larger will be the transmission band- 
width. The sharpness of cut-off is expected to be the same on the two sides. 

Take case (2) in which Fj =F2, and Fo or /o is different. This case refers 
toF] (or Fa) being less than B'o, but a similar diagram could be made for l^i 
(or Fa) being greater than Fq. It will be seen that at Fj (or F;,) the reactance 
of series arm becomes zero and the characteristic impedance will become zero 
unless modified by the resistance compoiienl of the scries arm impedance. This 
condition may give rise to two band-jiass filters having adjoining transmi.ssiou 
bands or a single band-pass filter of larger band-width with waviness in the total 
insertion loss characteristic about F, (or F2) for reasons given in (a) of case (i). 

Take case {3) in which Fo = F2, or /u = F2, and F, is different and less than 
Fa. It will be seen that when k — Fs the band-w'idth is indicated by arrows 
(placed on the frequency axis). When Fo = F2 the band width is stualier and 
indicated by arrows (placed along the frequency axis at alower level). The 
sharpness of cul-off is expected to be different on the two sides. 

Take case (4) in which Fo = F, or /„ = F,, and Fa is different and less than 
^'1. It will be seen that when Fu^Fj, or /o = I*, the expected band- width may 
be more or less the same and is indicated by the arrows on the two diagrams. 
The sharpness of cut-off is expected to lie different on the two sides. 

. Take case (5) in which F„® Fi^F., or /,, = Fi = Fa. It will be .seen that when 
the band-width (marked by arrows) is slightly smaller than w hen 
Fu'S’Fj^Fs. The sharpness Qf cul-off is expected to be similar on both the sides. 
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3. ON r O S S I B L U A T ']■ K N U ,A T I O N P 15 A K AND \K' A V 1 N 15 S S I N 
TOTAL ] N S K K T 1 0 N - L O S S C H A R A C T E R 1 S T I C vS 
T N C' R R T ATM C A » 15 S 

If the reactances in series and lattice arms are of opposite signs and same 
in magnitude over the trausnnssion baud, the characteristic impedance in the 
transmission band is a pure resistance of magnitude same as that of one of the 
reactances. If Z* and Zn' are the total impedances in each series and each lattice 
arms respectively, suppo.se Za=+jX and Z„=-jX. 'rhen Z„= V^iiZii- v'X^, 
so that the magnitude of cliuractei istic impedance is /X/. When terminated by 
non-reactive impedance ‘X‘, the rellection loss in the transmission band is 
zero and the total insertion loss or gain will l»t due to network loss or gain 
resi)ectively. 

If the leactances in series and lattice arms are of opposite signs but 
very much uiiequai in magnitude.s, tlic characteristic impedance will be a pure 
resistance of value smaller or larger than /X/ . When still terminated by nour 
reactive impedance ‘X,’ there will be reflection loss (depending uiion the 
magnitudes of the impedances) to be added on to the network attenuation or gain. 

If one of the reactances say in series arm is zero and the other one in 
lattice arm either of positive or of negative sign , the characteristic impedance is 
zero. When terminated by non-reactivc impedance ‘X,’ there will be very 
large reflection loss giving a kind of attenuation peak in the total insertion-loss 
characteristic. This may be modified by the resistance component of the jjeries 
arm impedance (if appreciable) since in that case the characteristic impedance 
will not be zero but will contain both resistance and reactance components. 

If both the reactances are of the same sign and their magnitudes are 
nearly equal or unequal, the characteristic impedance is purely reactive. When 
terminated by a non-reactive impedance ‘ X,’ there will be large reflection loss 
with reflection phase shift giving large attenuation as well as waviness in the 
total insertion loss characteristic. The condition discussed here is typical for 
the attenuation band of a band-pass filter. 

The waviuess in the total insertion loss characteristic due to reflection 
effects could be noticed in the curve for I(i)I) type band pass filter shown in 
b'ie. 7 (pafet: 304) of the author’s previous paper (Chakra varti and Dutt, 1040). 

.1- KOtn VALENT T-SI5CT]<»N OR THE O R I tt 1 N A L 
L A T T I f 15 S 15 C T T O N 

A general section (in which the negative impedance element is detuned to the 
crystal frequency as well as to the resonance frequency of series arm) is shown in 
Fig. i(fl) and its effective equivalent is shown in Fig. i(l>). Neglect R], R„ and 
R-j, the resistance compoueuls in the various inductances. 

If Za be the total impedance in lach series arm and Z,, the total impedance in 
each lattice arm, then we have 
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- -..a 


I ~ (o*L(uCo) 


y _ '«Co 

/ill— - ' ' - - 

i-<o-'LoC' + 


H- _ _ 

Co 


For a crystal mouated between two electrodes, 

C 


Co 


■ = // 


... (5) 


( 6 ) 


where ‘ fe ’ is about 140 for the type of quartz crystal used by the author. The 
e.x'pression for Z,i can be simplified by putting fur C' from (()) a,s follows : — 






(7) 


vSince ^ i ' can be neglected in com{)arifcdi to Wc ’ in tlie denominator of the first 
term on the R.H.S. of equation (7) vvilholit appvecialue error 


V ^ j 






... (S) 


ojC(|fc Rrtli 

Mow since the lattice section in Fig. i(h) is equivalent to the T-section in 
Fig. i(c), the various results for the lattice section can be obtained from tliose of 
the equivalent T-section. 

If Zi and Zg be the total series and total shunt impedances of the equivalent 
T-section respectively in Fig, i(c), then (deducing from Figs. 24 A and 243, 
Appendix * J)/ page 281, of Transmission Circuits for Telephonic Communication 
by K, S. Johnson) we have 


Za) — 


Zi-2Z.-2i u)Ti - ^ - 

V '“C* > 

W®l,|Ka 


... (9) 


R^(i-<'>^LaC2)^ + «®Li 

■f'lVS 

_.i I _ 

wCofe R;(r -waL3C2)=* + <D“T“ 




... (jo) 


5, C H A R CT E R I S T I C I M P E D A N C K 
The chaiacteristic impedance ‘ Zo ’ of the T-sectioii is given by 

Zo= V ZjZg + 




I e.^aR2(i-j!>!li8Cg) _ i.«»®MRa 

mCok Kill - •ij'® R 2(1 - + i. 


The imaginary term under the radical sign 






... (ii) 

is a small 
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If6 


fraction of llie first real term | — - j over a large freguency baud, as it can be 

I <*>CoK : 

shown by the example given below. The second real term is much smaller than 
the first one. As w increases, the first real term becomes smaller and smaller with 
the result that after a certain frequency limit the imaginary term becomes quite 
appreciable compared to it. 

Take a typical wide liaiid lattice section of class 1 having a comparatively 
smaller band-width so that | U,, I could roughly be taken to vary from 
.> X !()•’ ohms to o‘«S X JO ‘ ohms over the band under consideration. For this 
.section .SiipiKJse F] =5.0 Mc/s, /o = 7. 17 Mc/s, Fo = 7-44 Mc/s, P'.v = 7.t) Mc/s, 

Ivi ~ 1(1 X Cj = loi.O X i()“’ C(, — .or 1 X 11)“' -'F, 1,0 = lo X io~"I], 

k'a — 41 10“' ®F, I K« I =2Xj(j"' ohms at 5 Mc/s, 1.4x10" ohms at 6 Mc/s, 
1.0 X jo" olnns at 7.3 Mc/s and o.-S x jo" at q Mc/s and = 140. 

Then the ratio of the first real term to tlu imaginary term uiider radical 
sign in (11) is given by 




1 / (■I' ^LoK,, 

wC 0 /v’ / F a ( I ~ “ F 2 a ) ^ " Fa 


R-; ( j -- w 2J^2C2)'^ + w''*Fi 
o> L. ()F 2 F. fl 


(12) 


It will tie seen that N=i35 at 5 Mc/s, N = 34 at 6Mc/s, N=^^i7 at 7 Mc/s, 
N = i6 at 7.3 Mc/s., and N = 16 at 0 Mc/s. 

Hence the imaginary term may be dropped out in comparison to the real 
terms under the radical sign at least over the frequency range 5. 0-9.0 Mc/s (the 
lower limit has been chosen from the consideration that at 5 Mc/s, Zo will be 
zero). Similar calculations can be obtained for almost all other sections of this 
class. 


Zo- 



T _ u>F 2 R?(i-<.»‘'*F 2C,) 

(uCq/c R^{i “u.=«F 2C2)'* + <«“Fi 


which is purely non-reactive and depends upon o>. 


(13) 


6, N A T V RE 0 b' 'I' 11 R C li A K A C T ERISTIC 1 M P E D A N C. K 

(oHi F_. will be negative for values of «*> < “t ^ ^ -- ; it will be zero for 

wCi V FjC-i 

= 2srFi and will be positive for w > , - 

V LjCi ^ FiC, 

Therefore Zo will be pure reactance for frequencies less than Fj, it will 
be zero at Fi and w'ill be almost ^pure resistance Ijetween Ft and a frequency 
f o since the reactance component will be negligibly small between these limits. 
At frequencies greater than f2, the reactance component of Zo becomes appre- 
ciably large compared to the resistance component and hence Zo becomes an 
impedance of more and more reactive nature. 

The characteristic impedance of the wide band section mentioned above 
over the range 5-9 Mc/s is shown in Table II, 
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• 1 A.Br.E II 


^ 1 

f in Mc/.s ... ^ 5 i 





6 

7 i 

1 

7'3 

1 : 

9 

[ 

ill ohms ... i o 

1386 

1794 

i 1852 

! 

2100 


It will be seen that Zn increases with * f ’ (at first increasing rapidly and 
later on slowly) over the range s-g Mc/s which is the transmission band of 
the section as shown in the following sections. 


7. C ri T - O P' V U E Q I' E N C I E S 


By referring to the section on the “ Nature of reactances in series and 
lattice arms,” it may be predicted that one of the cut-off frequencies will lie 
at or near abont P 1 and another of the cut-oil frequencies near about the other 
edge of the baud over which Zo is more or less non-reactivc. 

Since Zo is exiiectcd to be non-reactivc over the transmission band, both 
Z] and Z2 arc to lie purely reactive and of opposite signs over the same 
band. Prom (o), Zj is purely reactive. P'roni ciiuation (lo), Zo has both 
resistance and reactance coinpoiients ; but since 

<•.21, I 

R“{i " t <-.-I 

lias liecMi neglecti'd in coinpanson to 

I 1 
loCio/r 


in section 5 on 'characteristic inqicdance, ’ it should lie similarly done a;, well 
in equation (10) to obtain Z2 as purely reactive- 

Therefore, for calculation of the cut-off freiiucncies (i.c. the limits between 
which Zo is more or less non-reactive), 


and Zo 


Zi = 2j| [same as (0)] 

j\ I - t\ 

2 [wCoA- R;;(i + \ *^01/ 


(14) 


If 


Z 1 - I o I 

=0, then <0-= . 


, or ti 


=F,. 


-I 

Hence lower cut-off frequency fj = 5 o Mc/s for the section taken. 


If I' = 


(rs) 


-4, then 




or 


uCok ” Ri(r-u.2'L2C8)' + «'''*Lg 
(Cg + C.o/^)BiC,R?-.«®(2R?C8 - + CokR^)P9 + R?=^o. 
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Solving the biquadratic equatibn and putting anfa for w, we have 


f.= ^ I ' 

2.[ 


-La) ± {(2R|Ca__+ RfCofe -Lai® " 4 RJCi?(C?.,tCofel>^ 


2L2C2R2(C2 + Cofe) 


i 

(i6) 


where ' is the real admissible value. 

Taking values of Co, La, Co and k and appropriate value of | R,t I at the fre- 
quency concerned, 0)= V .^0 X kJ ' SS50.H X r^p.s.y 


f2 = 0.o6 Mc/s. 


Hence the cut-off frequencies of the typical section considered arc 5.0 and 
g.oO Mc/s, or F| and ^2 Mc/s! It may be said that if Fo be the overall frequency 
of the crystal in the lattice arm, the cut-off frequencies of the section are rcry 

roughly Fo~^^ and FqH- where 4,03 Mc/s. 

> -> >) 


8, A T T RN I' A T I O N AND PHASE CONSTANTS 


The ratio of the current at the, input (I,) to the current at the output (Ig) 
when the equivalent T-section is lerininatcd in Zo in the Iransniission band is 
given by 


,X, 

1 . -Z., Z,, 






1 _ niLi.jRh'ti ~»>'*L-jL 

...Co A R'f ( i‘ “ ... iTuC 2 ) ^ -I "'-U 


■* 1 "dv 1 


I 

(iiC j 


+ j 


-’>^0 
-a>2l,gCa) 


ioCoh R5 (1 - w''L2C2)'* h- 


2 t wLi - 

“ ' wL I 


Let / = 


o.L2RS(i-<«®LhL'2) 


0 .C 0 A’ R«(i -o.‘*L2C3)® + ».»®Ls 
Then from (13), Zo V/"' • 

The equation (17) can be written as 


and hi = uLi- 

u>C 1 


n=i- zt" j- 2 V lilt 111 , . 7 v'lni 


h 


/ + ni I ^ Ul I H“ 111 I 'i' 


(17) 


(iS) 


If P = propagation constanl = log,(Ii /l2) = « + j(^ where a=attenuation constant 
and /3 = phase constant of the section, then 

■ - a - 

,/ {l — m, 


a=slog, 


l — m 
I -I- )i; 


4 /.Ml 

(/ + mj^ 


Ifto V + 4 im 1^ / » 

+ = log, 1 = 0 . (rb) 
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Hence there is uo altcnUatioii in the transmission hand, Fi to f.j Me/s* 
Actual nieasiueiuenfs of network atlcmiation liave shown low loss in the trans- 
mission band for the sections of this class. Further, 

y ... 

I — tn 

Table III shows tlic values of ft over the frequency ranp;e 5-0 Mc/s for the lattice 
section considered. 


Tabu-: 111 


fin Mc/s ... 

1 

5 

! t> 

i 


7.52 i 

9 

B in dcgTt'cs...: 

1 

0 

1 

: I 


21“ 2^* 


TTI. WIDK AND DT, TKA-WIDK A N T) LATTICE TYPlv 
C' R Y vS A L BAND- V A vS S I' I h T K R S K C I O N - C Xv A S S II 

Consider a typical class II ultra-wide band section in which a crystal (mount- 
ed bctvN een electrodes) connected in parallel to a stabilised negative impedance 
element is in the series arm and a crystal (mounted between tw'O electrodes) 
connected in senes with a stabilised negative impedance element is in the lattice 
arm [Fig. 4(a)] . 

(a) ih) 



Fig. 4 

n D I r V K R E N T CAB b: vS 

Four in;jportant cases may arise as follows — (i) in which the resonance 
frequency gf the Zen ^ parallel resonant circuit formed from 

bination associated with the stabilised negative impedance element and equivalent 
7—1455F— ni 



J80 
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circuit of the crystal (nioualSKf’ l^twceu two electrodes) in the series arm, the 
frequency of the crystal in the lattice arm and the resonance frequency of the 
parallel resonant circuit in the stabilised negative impedance element in the 
lattice arm are all different ; (2) in which the resonance frequency of the equu 
valent parallel resonant circuit referred to above in the series arm is equal 
to the resonance frequency of the parallel resonant circuit incorporated in 
negative impedance element in the lattice arm, and the frequency of crystal 
in the lattice arm is different; (3) in which the resonance frequency of the 
parallel resonant circuit (referred to above) in the series arm is equal 
to the frequency of the crystal (resonance or anti-resonance frequency) in the 
lattice arm, and the resonance frequency of the parallel resonant circuit incor- 
porated in negative imrtedance element in the lattice arm is different; and 
(4) in which the resonance frequency of the equivalent parallel resonant circuit 
(referred to above) in the series arm, the resonance frequency of the parallel 
resonant circuit incorporated in negative impedance element in the lattice arm 
and the frequency of the cryatal in the lattice arm are all the same. 

Suppose Fi= resonance frequency of the cquivah iit parallel resonant circuit 
(referred to above) in the series arm, F ._>= resonance frequency of the parallel 
resonant circuit in the stabilised negative impedance element in the lattice arm, 
/o = resonance frequency of the crystal in the lattice arm and Fo = pver all 
frequency (or anti-resonance frequency) of the crystal in the lattice arm. Let 
/'o and F'o Ijc the corresponding frequencies of the crystal in the seriq^ arm. 
Then in case (t) F] , Fa and Fo (or fo) sire all different; in case (2) Fi=F8 
but Fo (or fo) is different; in case (5) Fi=/o or Fo but Kjj is different ; and 
iu case (4) Fi=Fii = F'o (or/o). 


2. N .\ T U 1< K 01'' R K \ C T A N C E S IN J:' E R I E v'A AN I) 
LATTICE ARMS 


F'ig. 3 shows the reactance-frequency characteristics of the series and 
lattice arms drawn for the four cases mentioned above. The curve marked 
I refers to the characteristic of the negative impedance element together with 
crystal (mounted between electrodes) iu parallel in the series arm ; the curve 
marked Hi refers to that of the crystal (mounted between electrodes) in the 
lattice arm and the curve marked II 2 refers to that of the negative impedance 
element in the lattice arm . 

The nature of the reactance characteristic of the negative impedance element 
together with crystal (mounted between electrodes) in parallel in the series arm 
can 1)6 shown to follow from the consideration given below. 

The impedance of the crystal (mounted between electrodes) in the series 
arm is given by 


7 > ~ -j7“>C'o(i -«o«L'oC'o) 

‘ i-w«yoC'+c7c'„ * 


(31) 
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CAS£(f)-Fi.(^g,ANDfo(Oft i:^ DlMt.?^£NT 






Substituting Q'^k for C' in (21) and neglecting ‘ i ’ in comparison to ‘ fc ’ in the 
denominator, we have 




wC'ofe ' 


(2a) 


Hence the impedance of the crystal (mounted between electrodes) may be 
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approximately regarded as purely reactive due to a capacitance C'ok, and 
the usual equivalent circuit of the crystal (mounted between electrodes) may be 
replaced by the effective capacitance »Siuce this capacitance is shunting 

the capacitance Cj of the I<i— C| parallel resonant circuit of the negative 
impedance element in the series arm, the total capacitance in parallel resonant 
circuit is now Ci+C'ol^- Hence the reactance component of the negative 
impedance element shunted by the crystal in the series arm can be written as 
follows similar to that in equation (3). 


L,(C,-tC'o/o) 


.X', - 


“Hi - 


4Ci H-C'ofe) 


(C, 4 


CdI ^ 1 


<»(Ci + C'(,k) 


2 T 2 

, J.^1 


III 


(33) 




^X'l will be positive; when 01= = an-Fj, nX'i = u ; and when 

V Iv j (L 1 + L/o 


*/i Lfv /\» “^^1“ "An" }? n will be positive and hence i,X'i will 

be negative. As frequency is increased from a point before Kj, the magnitude 
of the positive reactance has been found to increase at first till a fr^uency 
Fi “V*' and then to decrease rapidly to zero value at Fj. After the resonance 
frequency is passed the reactance is of negative sign and its magnitude at first 
increases till a certain frequency and then decreases to low value as 

the frequency is further increased. It will be noted that the nature of variation 
of the reactance of the negative impedance clement shunted by the crystal 
(mounted between electrodes) in the series arm is similar to that of the negative 
impedance element in the lattice arm. 

In all cases and sub-cases discussed below the cut-off frequencies indicated 
are for conditions in which the effects of resistance components of the impedances 

in series and lattice arms have been neglected. If the impedances are taken 

to consist of both resistance and reactance components, the effective cut-off 
frequencies will be different. 

Take case (i) in which Fj, F2 and Fo (or /o) are all different, (a) shows 
the condition when Fi <F2 </o (or Fo), and Fi and F* are nearer to each 
other. The probable positions of cut-off frequencies are indicated by arrows. 
It will be seen that at Fj Mc/s*the characteristic impedance will be zero unless 
the resistance component of the impedance in the series arm has an appreciable 
value. The condition can give a very wide band wdth slight reflection effect 
about F 1 . 

(1>) shows the condition when Fi</o (or FoXF^, and Fj and /o and 

also Fi and Fa are nearer to each other. The probable positions of cutioff 
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frequencies are indicated by arrows. This condition is expected to give a 
band-pasr. filter of lesser band-width than that of (a). 

(c) shows the condition when h'2<Fi</o or Fo. If Fi and /« are 
nearer to each other, the band-width is expected to be very large. 

(d) shows the condition when Fi</o (or F())<F2, and Fa is 
farther from Fo- This condition will give a very wide band band-pass filter of 
cut-off frequencies marked by arrows. 

(f) shows the condition w'hcn F2<y,)(or F„)<Fi, and F ^ is farther from 
Fo- This condition will give a very wide baud baud-])ass filter of cut-off 
frequencies marked by arrows. 'I'lierc may be slight waviness in the total 
inset lion loss characteristic between fo and F,,. 

Case (2) shows the condition wlien F|=I''2, and Fy (or fo) is different. 
The band-widllis are marked by at rows when b' 1 (or F^) is less tliau fo and 
also when Fj (or F2) is greater than F,,. The band- width in the latter 
case may be less than that of the fonnet case if there he a large attenuation 
in the total insertion loss characteristic about Fo- 

Case (3) shows the condition when Fi=/o, and Fo is different as well 
as when Fi = Fo, and F2 is different. Two band-pass filters of different trans- 
mission band widths can be obtained under this condition and they could be 
made to give a single band-pa.ss filter of larger band-width by altering the 
condition slightly in certain wayt , 

Case (4) show's the condition when Fi==F2 = /o ^ilso when Fj ~F2 = Fo. 

It will be seen that in the former case there may be tw'o band-pass filters 
one of large and another of small transmission band width whereas in the 
latter case there may be only one band-pass filter. The probable cut-off 
frequencies of the band-pass filters are indicated by arrows. 

Among the subcases of case (i) the sharpness of cut-off is expected to 
be more or less the same on both the sides in (c), (d) and (c) and different 
on both the sides in (a) and (6). For case (a), it is expected to be nearly 
the same in (b) and different in (a) on both the sides. For case (3) it is 
expected to be different for the band-pass filter involving the lower frequency 
range and same for the one involving the higher frequency range on both 
the sides. For case (4) it is expected to be different for the band- pass filter 
involving the lower frequency range and same for the one involving the higher 
frequency range on both the sides in (a), and it is expected to be different 
on both the sides in (b). 

3 . equivalent t-section of the original 

L A T T I C E S E c T I O N 

A general section in which the resonance frequency of the equivalent 
parallel resonant circuit in the stabilised negative impedance element in the 
series arm, the frequency of the crystal in the lattice arm and the resonance 
frequency of the parallel resonant circuit in ■ the stabilised negative impedance 
element in the lattice arm are all different , is shown in Fig. 4(a) and its 
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effective equivalcJit is show'ti in Fig. 4(b). Neglect tlie resistances in various 
inductances in series and lattice arms (that is, neglect R'o, Rv, Ro and R2). 

If Za be the total impedance in each series arm and Zu the total impedance 
in tach lattice arm, then we have 


Za = 


JtoIvjR'a 

R'a [i - u.=^L, (Cl V C'ofc)] - I 


Z„ = 


+ . 


(34) 

(35) 


j<i)L,^R(i 

<»Cofe Ra(l-«>^I,2C2)-J‘<jly2 
If Zj and Za be the total series and total shunt impedances respectively 
of the equivalent T-section in Fig. 4(c), then 


Z,= 


2Jo)L,,R'„ 

R',Li-...'a,{Ci+c'ofe)j-ya.Li 


(26) 


Z2 = J 


I 


= .i ; ^ 

***Co/i' R(,(i —yioLg 

_ __ ( R 'a 

R';L7-o.a i(C, +C'^)] ->L, 


(27) 


4. CH.A R A C Tii K I K T IC IMPRDANCK 

vSeparatiiig the real and imaginary portions in the expressions on the 
R.H.S. of equations (26) and (27) and putting , 


and 

we have 
and 


R'S [ r - ...®L 1 (C, + C'ok) ] ^ 

<oLiRiri-yLi_(CrtC'ofe)] 

R'^ [1 ~ 1 (C, + Cok )] 2 4 

*<>-'LiR„ 

" R2 [i-.«2 L2C2]2 + o,2 L| 

iuL2R?[i-o»^La C2J 
R^i -<"“1.2^2]“ + 


Zi 


i(a + jb) 


Z2=i 


(a'-tt) 4 yl b'—b — 


ioCofe 


(28) 

(29) 
(3^) 

(31) 

(33) 

(33) 


Therefore finally the characteristic impedance of the equivalent T-section 
is given by n 

Zo= 'V^ aa'~bb'+ -y.; : +; a'b-\r ab'- ... (34) 

” wCoK wCofe 

5. NATURE OE THE CHARACTERISTIC IMPEDANCE 

In order to estimate the relative values of real and imaginary terms under the 
radical sign in (34) over a frequency range, it is desirable to consider a typical 
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ultra-wide band section of class II . Take a section in which Lj ®=io 
Ci»iQx IO-12F, C/o=.oj5X]o-i2f, ^• = I40, iR'„!^< = a x ohms, 

ba-roox io-«H, €2 = . 28 x 10"% Co = .oti x ur^SF, 1RJ1=7 .o 5 x lo-' ohms, 
K 2«30 Kc/s, Fi»ti .5 Mc/s, /o = 7.i7 Mc/s and Fo = 7.24 Mc/s. 

Table IV shows the values of a, b. a', b’ and Z,, as well as of the real and 
imaginary terms under the radical sign in (34). 


Takli! IV 


Lr 

n o 


I 

wCa/j 





I 

I 




a 

u>CoA^ 


I 


TT 

al 

'y. ® 


.05 

22-6 X lo 5 

0.005 

3.15 

! 

^3 

X 10 ’-I 

- 16.0 

08 

X loft 

— g.113 X loft 

2607 

.5 

2,26 X 10^* 

0.5 

3 If? 

18 

X 10” 6 

“ 1.15 

7^45 

X 10ft 

1.16 

X IqB 

2690 

1 

113 X 10^^ 

2 


4 6 

X 10 -1 

-0 

71.2 

X loft 

— 2,12V 

X 10 ® 

2668 


.56 X 10^ 

g 

134 

t.T2 

X ] 0 f* 

0.27 

80.4 

X joft 

- S'A 

X loft 

2840 

3 

.377 10^^ 

21 

20 2 


xio'S 

-- u.ll) 

76,8 

K Toft 

- 7 '^ 

X 10 ® 

2780 

1 

Xiofi 


•aga 


X 10 ^ 

- 0.11 

I 

81.8 

X 30ft 

- 12.04 

X 10 ® 

2910 

5 1 

.226 X lo® 

77 

3«3 

f).iy 

X ro ft 1 

- 0.12 

88.1 

X 10 ® 

- 17,7 

X 10® 

^*98 3 

(y 

.188 X 106 


3 '- 2 S) j 

0.125 

X Jo 5 ' 

i 

~ 1 .005 

lo'i.s 

X loft 

- .>7.. ^6 

X 10 ® 

3340 

7 1 

.16 X lofi 

240 

027 1 

i 

(),0() 

> 10 ft i 

0.08 

1 

>00,3 

X loft 

- .1^.4 

X 10 ® 

3286 

H 

1 , 

1 JO'* 


«71 i 

0,073 

X K) ft 

1 

- 0,(171 j 

I.i 3.4 

X loft 

— 67,0 

X zo® 

374 ^ 

10 

.113 X Kv* 

1600 

j 

Nu6 1 

i 

(>.046 

X lu ft ' 

-- 0.0581 
1 
1 

gi.) 

X loft 

— J 81). 8 

X 106 

4537 


It will be seen from Table IV that the imaginary term under the radical sign 
in (34) varies from o.ib% to about 27% of the real term under the same sign over 
the range 50 Kc/s — 6Mc/s and therefore Zo may be regarded more or less as pure 
i-esistance between those limits. At frequencies higher than 6 Mc/s, the imagin- 
ary term becomes greater and greater percentage of the real term and Zo will be 
an impedance with both resistance and reactance components, and further Ireyond 
a certain frequency Zo will be highly leactive giving conditions for the attenuation 
band. Further it will be noted that the magnitude of Zo varies in a wavy manner 
in the transmission band — at first increasing, then decreasing, then increasing, 

Magnitude of negative resistance in series ami at ^ Mc/s. 

i Magnitude of negative resistance in lattice arm at 5 Mc/s. It will be noted tlmt in 
actual case, | | for both scries and lattice arm will vary irregularly with frequency over 

such an ultra-wide baud (f.c., 30 Kc/s— 11.5 Mc/s) as under consideration at present » The 
values t>f ! | taken from the mean curve (following the inverse square law) for this large 

range are liable to introduce great errors. Hence ) Rn I at 5 Mc/s has been taken for both 
ca^es in calculation. 
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again decreasing and finally increasing with frequency. At least for the frequency 
range over which Zo is more or less of non-reactive type, Zj and Z2 can roughly 
he tahen to be pure reactances of opposite .signs. Hence over this range, 

Z, j.2b ••• ( 35 ) 

1 

Zo 'h-<- -h' . (. 36 ) 

2 0 

Tlie cliaracterislic iiniiedance Z'o arrived at from (35) and (36) will be 

Z'o== \/ -hh' ••• (37) 

which caij hu compared to the value Z''o obtained by ne^:;leclill^^ — 

0 fv 

in (3.1), 


y/o~ ((((' — 1)1/ •< - ’ ; 

'‘‘C 0 iV 


• (3‘^) 


Z'o is nearly equal lo Z"(,, since oa' is very small. 


6. C U T - O !■' 1' I' k K <) II Iv N t' I K vS 


If -o, II, a. I.-.,, 


LiR'«[i (Cl 1 C'o/t’) ] _ 


R'.ni-o.3L,(C, 1 C'o/:)r' + >.>-I/T 


which means << = 0 ot «i-" • 

CLji'CiH C'„k) 

The value (i)~ o is inadmissible. IIciicc one of Iho cul-oll frequecies say, 
' /i I'' giNcii liy 

\ - (30) 

JirVLi(C 1 +L'o/i.-j 

In the case of Ihe uitra-wide band section considered above = 10.93 Mc/s. 

If = -4, then y.e/)=ey 6+ ! -b' , or -~-j =-b’, 

Zo ^ wCi,/' wLoK 

or .o'lfCo l Co/c)hiC9R‘^-<-*n2C..,R:HCo/>R3-h2)h2-ni« = o ... (40) 

on evaluating b' from (31). vSolviug tbe biquadratic and putting <‘t?2n-/2, we have 


1 ( 3 C ± V ( 2 C,R^^ Cq-R-; - L.l-X^ - |R,;l, 2 Ca(C»+eVv) 


eir .'l/iCaR^fCs + Co/o) 

_ , ... (41) 

where ‘/y ’ is the real admissible value. 

Taking x io"'’F, L2==ioo x C'o = .011 x A- = t4o, 

I Ra 1 = 7.05 ^ lo’’ ohms from the data given for the ultra-wide baud section, 

h~ -V353.5X10” 

= 3oKc/s. 
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Hence the cut-off frequencies of the ultra-wide band section considered are 
roughly 30 Kc/s and 10.93 Mc/s. If Mc/s be the arithmetic mean of 

tbe overall frequencies of the crystals in series and lattice anns, then the cut-off 
frequencies will be -sB'and +>B'Mc/s where B' varies from 

to 2.22 Mc/s. 


7 - A T T K N n A T T O N AND PHASE C O N S T A N 'I' S 

I he ratio of the current at the input (I j) to the current at the output (Ij) 
when the 1 -section is terminated by Zq in the transmission band is given by 

^ j 4. 4. 

I2 2Za Za 

Taking Z,, Z3 and Zq from equations (35), (36) and (3,S) respectively we have 


r 

I2 


1 = 1 -. 


2 b 


b + - b' 

i»Cok 


-} ■ 


2 ^/ a a' — bb' + blmCi)l c 

+ ,, - I'' 


- — b — — 

= : - V CICI^ hb^ H J)/<oCo/v’ 

' "T J * - - 

f) + -J ■— b -t- ^ — h' 

<*>C Q k <0(^0 /c 


(4a) 


It will be seen from Table IV that /h'/ is very small except over a small 
portion of the transmission band near the lower cut-off frequency and aa' and 

I'b' arc also very small in comparison to . 

toL(fk 


'I'herefore 


1 1 


-h 


•2 b + 


+y. 




(43) 


.^Co/v 


f> + 


A' 


If the propagation constant P = log« (I, /la) ==a + i/8, where o and /8 are 
dteiination and phase constants respectively, then 


" - log 


'\/f - 4 ^- 

_\<oCok /_ loCo/c 


/ 


(’’ * -c‘„t )' 


^l0g,T *=0.,(,1^) 


••• f 4 S) 


since* T 

* * -•„* ' 

8 — 145SP— m 


b« 


wCofc ' 
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im 

llciicv there is uo attenuatiou in the trausniissiou baud of the >ectiou. 
Actual incasurcraeuts of network attenuation have shown tow toss in transmission 

' i 

Ijaiid for sections of this class. 

The phase-shift angle (in degrees) is almost the same at all frequencies in 
the transmission band, as shown in I'able V, 
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ELECTRICAL ENERGY OF TWO CYLINDRICAL CHARGED 

PARTICLES 

By G. P. DUBE 

(Received for publication, April 20, 

ABSTRACT. Using the approxinintr Debyc-Hiickel theory, an expression for the electri- 
cal energy of two cylindrical charged particle'.* has been worked out. Thi.s energ)' is found to 
exhibit a inininRim for a certain value of the interparticlc distance and may be of importance 
in explaining thixotropic properties. 

It is well knovvD that colloidal systems, exhibiliug thixotropic phenomena, 
generally consist of non-sphcrical particles, They are rod-shaped in the thixo- 
tropic sols of vanadium pentoxidc, disc-like in the sols of iron-oxide and paste of 
clay. A general mathematical theory of the mutual interaction energy between 
two spherical colloidal particles and its apidications to general problems of stability 
of colloidal sols has been developed by the author (Dube, 1940) and has proved 
to be quite successful in explaining several phenomena. The same procedure has 
been adopted in finding out the electrical energy of two cylindrical charged 
particles immersed in water containing a known electrolyte. 

Let us consider two parallel cylindrical particles of circular cross-section, 
radius fl, with distance R apart and having surface charge density « . They are 
immersed in water containing a known electrolyte- We arc required first to find 
out the electrical potential at any point in the dispersion medium. The electrical 
potential 'P is assumed to be given by the approximate Debye-Hiickel equation in 
the theory of strong electrolytes, 

(x) 

where V® is the Laplacian operator and k is the cliaracteristic quantity occurring 
in Debye-Hiickel theory. i//e is called Debye distance and is expressed in terms 
of fhe ionic strength J by the relation 

-^ = 2.81 X 10”* 
h 

Itisextremely difficult to solve this equation in the two-particle case considered 
here. Hence to get the qualitative features of the result, we suppose a linear 
superposition of the two potentials, which is equivalent to the supposition that if 
the two particles approach bne another, the distribution of charge on their surfaces 
and in their ionic atmospheres remains undistorted. 

' 1^.^ On the anggestion of Prof. J, D. Bernal, P.R.S,, a similar problem was being tackled 
by Mr. S. Bevine 61 Toronto', but d»ie to communication difTicnlties, his result could not be 
ascertained, 
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LfCt V*!. Pi be the potential and charge density in the ionic atmosphere of one 
of the particles and />j{ be the corresponding quantities for the second particle. 
The energy required to bring one of the particles along with its ionic atmosphere 
into the electrical field of the other is now 

F-i / Pii'idv+ [ or^gdSj ... (3) 

*' .Si 

where Si is the surface area of the first particle and V is the total volume of the 
medium excluding the volume occupied by the two particles. 

SoiuHov for a single Imitidc. — The potentials separately satisfy the 

equation (i) which in cylindrical co-ordinates becomes 


''0,:a ■; Qr ' 362 QgB 


/c 2 ^ = 0 . 


Let US assume axial symmetry and confine ourselves to the plane z=o. Then 
this becomes 


a:,T+ 


r Or, 


The solution* of this will be 

i^—A'Jty{ikr) + WV olilir) 

where Jo and Yo are Bessel functions of order zero (Watson, 1022). .Since ^ must 
vanish when r tends to infinity, we have » 


i^=AKo(fer) 

where A is a constant quantity to be determined by the boundary conditions 

=rr 

4 a'\ 0 rj ' 

. \ / rma 

D being the dielectric constant of the dispersion medium. Thus 

-^-A|-|Ko(A’r)j- = <r, or A*.Ki(M = (r, or A= , ■ ... 

4"- \ D/c.Ki(r) 

where r« fea, is a dimensionless quantity. Thus the required solution becomes 


(4) 


(5) 


( 6 ) 


The zeta or electrokinetic potential is then given by 

4^^ Ko(t^ 

Dfe'ki ( 7 ) ' 


(7) 


(81 


Evaluation of the integrals in ( 3 ).-~Cotisidering unit lenjgth of the particle 

/ 2 


Si iJK.Kiif) ^ 

^ III th^ c^se the solution is Inr, 
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Now Ko(fcra) « K„AkR).I„Xkri) .COS m$i for rj •< R 

CO 

~i«? cos Hi^i for Cl > R. 

Hence j Ko(fcr2)d0i = / S K,„(A:R). cos ih(9i(/0. 

« / m-oe 

which is different from zero only when »» = o and then its value is 

2ffKo(tR)Io(T). 


Therefore we have 


p_8»2<r^ ./■ /_\ 

Dfe ■ KiM ’ 


where 

The other integral is 


R = sa. 


(9) 


Q — lJ Pi^p^dv— — Ko(A;T))Ko(/cra)dv. 

V V V 

The integrand can be expressed as a function of (ri,<^j) only and then 
using- Kri = u and simplifying, the integral can be shown to be 

J ~~l V^o(^’')Ko(M.).Io(M)w-d« + rio(jT).KS(u).«dM 

Vu 0 / 


4n^o-^ 

Dk^KiV) 


Therefore, 

Q = - [K„(.-r){ Lisr) + Uo) - 2 L(r)} + 1„ Ur){j((X) - J (it) } J 

where J(m) = J uKoMdu — ^^ [Ko(m) — 

L(»)= J Ko(M)It|fM)MdM = ^ [ro(u)Ko(«) + Il,(«)K|(M)]. 

For small values of u, 

Ko(«) =r In— ; Io(«) = i) IiW — -7 

yu ^ 2 

where y = Etiler ’s constant. ; s 

Hence it is easy to verify that 

L(o)'*o ; J(Ol))='o. 

Therefore, 

Q* Ko(s’-)Us’') -Io(s’‘)J(®^-2Ko(st)E(t) >. 
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Now Ko(iJ’)L(A’‘)“IoU")J(s^)“-'--Ki(AJ-){Ko(4'r)li(4T) + I(,(sT)Ki(sr)} 

2 

»~Ki(sr), 

2 

Thus 

Q= 2rK„(4r) {lo(r)Ko(r) + l,(r)K,(r)}]. ... (lo) 

Combining (g) and (lo) and defining 

^(T) = 2r2{Io(T)K2(r) + li(r)Ki(r)> ... (n) 

we have F= j^^®''^j.[Ko(.sTV(r)-4TKi(.sT)] :i 

= --^- • [KoU’- )?'(") - si-KiIjO]- (12) ' 

This has a iiimimuin value at a certain value of s, which is given by 



or 




4tKo (47-) 

Ki'avf- 


This equation can be solved by numerical methods and the results are * 


(13) 


T = 0.1 0.5 I.O l-s 2.0 2.5 3.0 

i„,«44.26 9.35 5.35 4.00 3.43 3'ii 2.91 

Then taking £=io"* e.s.u, D = 8o, length of the particlc=io”* cm. and 
/t:T=4 X lo"*-*, the values of Fmm/feT are found to be 0.26, 1.4, 3.2, 7-31 9.0, 
ii-3> 13-5 respectively. 

The existence of an electrical energy minimum as a function of interparticle 
distance may be of considerable importance in explaining the thixotropic pro- 
perties of non-spherical particles. The van der Waals energy must also be 
considered in a more rigorous treatment of the problem. Unfortunately, due 
to integration difficulties (Dube and Dasgupta, 1939), it has not yet been possible 
fo find an expression for the van der Waals energy between two cylindrical 
particles. 
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A NOTE ON THE OSCILLATING ROTATOR 

By K. BASU 


(Received lor publication, May it), 19^3) 

ABSTRACT. The Ijrobleui of (he osdllatuig rotator has bei 11 solved from the standpoint 
of Soninc's polynomials developed by the author recently. 

1. The problem was first treated wave-uiechaiiically by P'ues (iqjO) and 
later by Soimnerfeld (1030) considering the rotator oscillating in space and 
obeying the Kratzer-form of the potential energy. But the problem was hardly 
solved in its entirety on account of mathematical difficulty in attacking the 
perturbations involved in calculating the.eigen value. Chakravarti (1938), handled 
the problem from the standpoint of perturbation calculations and exjianded the 
eigenfunctions in terms of the Hermiteau polynomials and calculated the 
dissociation energy for the diatomic molecules BeH, CdH, Cg and In the 
next section 1 shall point out his method of approach to the problem. But in the 
present paper I am going to deal with it from the standpoint of Sonine’s 
polynomials developed by me recently (Basu, 1943). 

2. The wave equation we have to tackle is the following (vide Sommerfcld, 
I.C., p. 28.) : 




F + 


^^2^(K-U)F=o 


(i) 


where (/u= reduced mass of the diatomic molecule, r= the mean distance 

betw'een the two nuclei), p=ilre, and Kratzer gives 

Ufp) = A-J<o§ji - 1- +b{p-i)^ + c(p-i)^ + ...\ (2) 

(P 2 P^ j 

wherein Wo®* frequency of small vibration of the oscillator if the small terms 
b, c,... were absent. 

Chakravarti and Fues made a transformation by putting i-p-i, and in the 
resulting equation expanded tw(m.+ i)/(i + ?,)® in ascending powers of 
in order to avoid a three-term sequence relation amongst the successive coefficients 
of the polynomial form of the eigenfunction (Sommerfeld, '/,c., p. 27), but we can 
tackle the problem as it stands without any such transformation and expansion. 

For the zero-order approximation neglect b, c,... and get 



m{m + 1) 




( 3 ) 


where *| 3 a-^(A-K), c,...=o), F=/. 



Cousideriug the asymptotic behaviour of /, viz.^ and rejectiug plus 

sigD, we sec f^c where 






P P 3 


kj — o. 


... ( 4 ) 


U ' -J 

For the polynouiial type of solution of v(p), the index y is given by 
y(7~ i) — m{m + i) + a®, or 7= 4 ± \/ (in + i/;i)® + a‘‘®. 

We should take plus sign before the radical in order that y may be positive and 
finite for p=o. 

Next put v(p) = p^u and obtain the u(p) equation as 

/ 3 u" + (27-2^oP)“' + 2{«®-^oy)m = o, (5) 

which, when transformed by s= 2 / 3 oPi stands thus 

d^u 


^ a + (27-z) j“ + «M = o, 
dz dz 


... ( 6 ) 


where u (an integer) = (a® -/ 3 o 7 )/^o and u = Sly(z), a Sonine’s polynomial. 
Hence _ fl V, — J .V 

f^e ^«VSSy(2)-C “~2\SSv(2). ... (7) 

If Nr be the normalisation factor, the requirement for normalisation is 

00 

N® / r^Pdr—i, and remembering r= ^ z, this means 
r J 2 Po 


N?(;^^-)'/c-‘s2^SSy(2)SSv(2)(i2=I. 

Now the value of the integral (Basu, Lc.) 

= 2(n + 7).Ti ![r(27)]®/r(?i + 27). 

\ 1 e) ((’‘ + Y).«!) / 


(8j 


Hence 

From (6). ^0=^“^ lin+y). 




(9) 


(10) 


• fi ~ ri . 

From this value of ^o» energy-value F,=Eo was calculated by Sommerfcld and 
Fues by the usual polynomial method. _ 

3. Retaining b, c,... terms in Eq. i, analogous procedure gives 

dp® i \P P ) . P ) 

wherein, we have ignored (/u — i)^ and other higher order terms. 

Suppose F=»e’ ^^i’(p) =e ^^p^Uip), where 7 will have the same value as 
before. The U(p)-equation becomes (by putting 2* z^p) 
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where /i = a*({,-c)/2/}f, / 3 = -'>»( 3 f»- 4 c)/ 4 / 3 i!. = 

/4= -a3(ft-4c)/i6/3g, /r,= -a*c/32/3{ji N = (a2-/3y)//J. 

Put U = tt + 1/. N=n + « and obtain by substitution in (12) the following 
perturbed equation (rejecting small quantities /,>/. etc. and e.,) : 


It is to be noted that 


4v. 


/3 = — ? 

?Z + V + € 




.;-SC,vSi,(2). 


Suppose 
Substitution in (13) gives 

5{n-/)C,vS^y(0)= )]S^^(3). 


(13) 

(l^) 

(15) 

(16) 


Multiply both sides by r *2:"’*' ^Ssyiz) and integrate between ^‘“‘o to oc- This 
gives (vide Basu, l.c,) 

00 

and consequently Cj fcoeOicients of the perturbed eigenfunction »/) can be found 
out by evaluating the right-hand member, subject to the condition that C« is to 
remain finite (notwithstanding ti = l makes the dcnoniinator=o). This requires 


/ [•^-(/l3+... )lc-*£2’'-'vS5y(2)SSv(2)d2 = 0 
0 

iA} + /2{B}-l-/s{C} + / 4 {D} + /5(H} 

00 

where {A)= f = y ) ; 

-L \R + 2y) 

00 

00 

{C} =Jc-‘^8’'^2S§v(2)S§r(2)d^=”^tMl“^^,(n. y) ; 
00 

{D} = J y) ; 

00 

{E} - ^ ''^S2y{z)Shi^)d^- >) ; 


(r?) 

(18) 



196 


K. Basu 


wherein, for brevity, we have written the ^’s for the following : — 
jgi =2(w + 7') ; 

= (« + 2y + j)(n + 2y) +4 h(m + 27) + ~ i) ; 

g,^ = (,, ■(■ :2y+ 2 )(h + 2V + 1 )(n + ay) H-gnfw + ay + i)(m + 27) + gnin — i)(ti + 27) 

+ ?/(/?“ i)()i — 2) ; 

U4 =(h -<■ 27 + 27+ 2)(»i + 27+ i)(n + 27) + i 6 n{‘n + 27+ 2)(n + 27 + 1)!??. + 27) 

+ j6n(?! — r)i'« + 27 + i)(n + 27) + i6«(»i — i )(w — 2 )(m + 27) 

4- H(n - i)(n — 2 )(h — 3) ; 

Mr , — in + 27 + 4){n + 27+ 3)(h + 27+ 3 )(n + 27+ i)(ti + 27) + 25w(n+ 27 + 3) 

(n + 27 + 2)(?i + 27+ i)(n + 27)+ loon («-!)(« + 27+2) (n + 27+ i)('« + 27) 
+ 3 ( )0 II ( n - I ) (»i - 2) (»i + 27 + J ) (w + 27. + 2511 (»? - 1 ) (« - 2)(n - 3) (n + 27) 

+ iiiii — i)(ii — 2)(»i - 3){ii — 4 ). (19) 

Since A“E = r-<s ® ) [from (3) and (4)], and 

(Sn-°jy «•“ j 

^■=‘l\Mi+f- 2 g 2 ^ ••• +fr,Mr, [from (18)] 


we gel 


K = Ko + -yi ^^|.= Un + K,,Fay, 
4'r“J 


where lio (foi' 'he unijerturbed state h=c — ..o) was obtained by Fucs and 
Sommerfeld, and the additional cnergy-valnc {b + 0 , c t o) is given by 


14; J/3(,({)-f)(,i + 7)- J( 3 {i- 4 c)g 2 («. y)-^ ^^(f)" 2 c)g 3 (n, 7 ) 

4ir^Jf °Pn 




32^3 


where ^„= | +4 V- ".+-5 + ... j, a = 2 .rJ„„/ 7 ,. 
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ON THE PRESENCE OF PHOSPHORUS IN THE SOLAR 

ATMOSPHERE 

By K. NARAHARI RAO 


(Kccriiifil for piiblicalion, May 7 , 


ABSTRACT. Continuing tho previous work of the author on the baiul spectriiin of 
phosphorus, the presence! of the 1’.^ molecule in the solar atmospheie is (lisciis.sed by a study 
of the coincidences of the lines of two of its strong bands, (8, 27) ami (9, a8), in the near 
ultraviolet, with the P'raunhofer lines. It has been concluded that the jiiolecule of phosphorus 
exists in the Sun. 

The band spectrum of phosphoru.s ])resents .several extremely interesting 
features. The P3 molecule has an extensive and typical band speettum ranging 
from A350(» to Ajgoo corresponding to a 'S-’S transition. The bands are 
degraded towards the red, possess a simple rotational struclure and exhibit 
an alternation in intensity of the rotational lines which is a well-known charac- 
teristic feature of all symmetrical molecules. In recent papers (Rao, i<;)43a, 
19436), the author has described experiments leading to the analysis of the Pg 
bands in the region about A2800, and the determination of the nuclear spin of 
the P.^ molecule. In continuation of this work, it was thought worthwhile to 
.see for the pos.siblc correlations betw’oen the Fraunhofer lines and the lines due 
to the Pg molecule in the near ultraviolet region. Also, it is known that a large 
piopoition of faint solar lines (t.c., those having intensities between 1 and —3 
on the Rowland scale) is still unidentified and that many of these lines must 
be of molecular origin. 

While discussing the presence of phosphorus compounds in the solar atmos- 
phere Dorothy N. Davis (1941) excludes the study of the P3 molecule, because 
the strong bands of the molecule lie in the inaccessible region, but concludes 
that the molecule of CP may be present in the sun. It is no doubt a fact that 
most of the strong bands of the molecule of phosphorus fall in the region Ireyond 
A2S00 which are of no astrophysical importance. Hut the (8, 27) and the (9^ 28) 
hands, which lie in the near ultraviolet are no less .strong than those that are 
lying in the far ultraviolet, permit a study of the presence of the molecule of 
phosphorus in the solar atmosphere. 

These bands have been photographed by Ashley {19.33) 2nd ord^r 

of a 21-foot concave grating for studying the rotational structure of certain 

bands due to the P2 molecule and determining the nuclear spin from the alter- 

nating intensity ratio. In view of the high dispersion of the instiruiiient used 
2— i-lS.sP— IV 
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by Ashley, the wavelengths of all the lines recorded by her in the two bands 
are used by the author and compared with those.pf the Fraunhofer lines in the 
Rowland tables. Differences of not more than 0.04 A between the laboratory 
measurements and the solar wavelengths have been reckoned as coincidences. 

The results are summed up in the following tables — 


Taiu.e I 
(S, 27) Band 


> 

1 

, 1 

s 

k: 

3 

1/3 ^ 

w 

(C HH 

II ^ 

■-i 1 
<1 

Intensity of 
the solar 
line. 

Identifica 
tion in the 
Rowland 
atlas. 


p 

p 

< 

g ' 

1 

k; I 

II -< 

^ 1 
<1 

Intensity of 
the .solar 
line. 

Identifica- 
tion in the 
Rowland 
atlas 

H-bmnrli 
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U.04 1 
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Fe 

31741.66 
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0.05 i 
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O.03 

(» 
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— 

! 

— 

— 

316672 

3166,68 

— 0.0^ 

1 

— 

3171.16 

.S17114 

— 0.02 

— 2 

— 

3166 So 

3166.77 

“--t).03 

0 

— 

317^ 

,5171 •,16 

'‘'■0.05 

2 

Fc 

3166. 8<) 

3166.87 

-0.02 

— 2 

— 

3171.69 

317 I -67 

— 0.02 

I 

hV 

3166.99 

3166-99 

0.00 

- I 

— 

3173.95 

3 J 71 -M 

-o.fd 

— 2 


3167.10 

— 

— 


- 

3172.25 

3172.30 

0.05 

0 

— 

3167.21 

3167.18 

“O.03 

T 

DTI 

3172.5^ 

317251 

O.OO 

0 

— 

3167.33 

3167.30 

”0.03 

-3 

— 

3172 83 

3*72 85 

0.02 

- 2 

— 

3167.47 

3167.42 

-0.05 

-2N 

— 

317315 

3 i 73 ' 2 i 

0.06 

0 
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3167,6(1 

3167.60 

0,00 

- 7 N 

Zr^ 

3173-45 

3173.41 

0.04 

I 

he , 

3167.8s 

3167,86 

“0,02 

3 

he 

3 ' 73-75 



--- 

— 

3168.02 

3168.05 

o .<»3 

“3 

Co? 

3174.10 

3174.06 

— 0 0^ 

- 1 

— 

3108.19 

3168.15 


2 

V + 

3174-43 

3174 ■ 3^5 

- 0.05 

0 

OH 

3168.55 

3168,53 

— 0.02 


Ti+ 

3174 77 

317470 

0.02 

"3 


3168.71 

3168,67 

“ O.Oil 

0 

Oil? 

3175.13 

317517 

0,04 

^-3 

— 

3168.92 

3168.96 

0.04 

T 

OH 

3175 * 4 « 

3175.45 

— 0.03 

2 

Fc 

3160.X3 

3169.08 

— O.O/J 

”2 

— 

3175.84 

3175.82 

— 0.02 

"”3 


3169.31 

3169.37 

n.o6 

I 


3176.23 

— 

— 

- 


3*69.51 

— 

— 

— 

— 

3176.50 

3176.45 

-0.05 

-"1 

Fe? 

3169.73 

3169.75 

0.02 

J 

Co 

3176.76 

3176.84 

0.08 

— 2 

H^ ? 


3170-01. 

. c 06 

--3 

— 

3177.14 

3177.08 

-o»o6 

— 1 

Mn?. 

31^.18 

3170.13 

—0*05 

-rl ; 

-- 

3177*54 

3177.543 

1 0.003 

2 

. ; 
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Taule I (coiitd.) 
(8, 27) Baud (could.) 



a 

u 

(/j 

a 

zi • 

II < 

1 

Intensity of 
^ the solar 
line. 

Tdenfifica- 
tion in the 
Rowla n d 
atias. 

P-i 

a 

a 

t/j 

< 

a 

11 ^ 

1 

<\ 

C w 

0 

."ti ^ 

SsS 

Identifica- 
tion in the 
Rlowkiid 
atas. 

. V 7^03 

3178.02 

-O.oJ 

2 

rc 

3173 15 






3 ' 7‘'>-45 

3178.43 

-0.02 


- 

3172-42 

3172 38 


-*3 


3178.78 

3178.79 

0,01 

-2d 

- 

3172 73 

3172.72 

O.OI 

~3 

Ti 

3179,21 

17 


-2N 

Cr ? » 

3 1 72.99 

3173. uo 

u.OJ 

j 

OH 

3179.69 
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In Tables I and II, in the intensity column ' N ’ indicates that the line is-tiot 
clearly defined. Such a line may be considered as composed of two or 
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more lines too close to be separated. And two Hues close enough together to 
be considered double are indicated by a ‘ d and a double whose components 
are very difficult to separate is indicated by a 'd? ’ A ‘ ’ before an element say 

Ni (refer* mark, in the 8, 27 band) means that Ni line is coincident with the red 
side of the line, the origin of the rest of the line being unknown. Similarly '-’ 
after the element means that the origin of the red side of the line is not known. 

From the above tables, we see that, in most cases where there is a large 
difference in wavelength between the laboratory measurement and the value 
of the solar line taken from the Rowland atlas, either the solar line is a blend 
of two or more lines which are too close to be separated or a strong atomic line 
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coincides with that particular portion. 

Further, it is instructive to ootiipare the observed |i$0i«cidanic«e with the 
number which may tie expected from clianee Using the fortaola of Russell aud 


Bowen (1029), 


( "=A (i —e. 
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where A is the number of solar lines in the wavelength interval /, U is the 
number of lines being investigated for coincidence in the interval I and a is ihc 
size of coincidence in Angstrom units. Attention has been paid to possible 
systematic diffeiences, the numbers of coincidences being determined within 
o.oi, from 0.01 to 0,02, 0.02 to 0.03 and 0.03 to 0.04 Angstrom units. The 
results obtained are summed up below : 
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Wc can sec from these tw o tables that in all the cases the number of observed 
coincidences is more in excess of that expected by chance. Also we find that 
about 66% of the observed coincidences aie with lines previously unidentified. 
And a large majority of the lines coincide with faint solar lines. 
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citalt with ill thelsilgittiittit, indicate that with tha data at ptasNjiit 


f ,111 coaduda tha i^ac^ie of phosphorus exists in the solar atmosphere. 

This conchiaioh is supported from physical considerations as well The 
I’; molecule is Stable enough for the temperalwc existing in the solar atmos* 
jiiiere as its heat of dissociation is 5.1 volts. 


The author is indebted to Dr. A- h. Narayan for his constant guidance and 
111 Ip during the course of these investigations. 
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DIKL1^CTRIC CON ST A IN r MBA SURBM ENTS 

(ci) 7 'he Oscillators-^'Pot the wavelength range from about 370 cm. to 
1500 cm. an ordinary regenerative type of oscillator was employed. For tlie 
shorter wavelengths, 80 cm. — 340 cm., a midget ‘Acorn * tube was employed in a 
Hartley circuit. In the latter case, the inductance of the oscillator circuit was a 
single turn of copper wire of varying sizes in the wavelength range : 80 cm, — 
160 c.m, and was of two turns of copper wire of varying sizes in the range : 
160 cm. — 240 cm. 

(b) Experimental Method and Details — The discharge tube A was fixed in 
a vertical position between two thin cylindrical rnetal pieces held tightly round 
the outside of the discharge tube, I'he distance between the two aluminium 
electrodes of the discharge tube w^as 7‘4 cm. The diameter of the tube was 
3.55 cm. and the diameter of each electrode was s’s cm. The cylindrical pieces, 
each of which was 3.5 cm. in length and 2.6 cm. in width, when straightened out, 
made up the terminal condenser of a pair of I<echer wires. The Lecher wires 
copsisted of No. iScopiter wire spaced at 5.6cm. Ultra-high freciucncy oscillations 
were then induced into the Lecher system from one or the other of the oscillators 
and resonance adjustments were made by sliding a short-circuiting bridge B, 
across the wires. The .short-circuiting bridge was made of No. 14 copper wire 
and was mounted on a long handle. The low’er side of the short-circuiting 
bridge was filed to give a sharp edge. A scale was kept horizontally fixed on 
one side of the Lecher wires and a pointer P fixed to the short-circuiting bridge 
indicated accurately the position of the bridge when adjusted for resonance. 
The resonance was indicated by a valve-detector w ith a galvanometer in the 
anode circuit. The anode current was balanced for no signal. The detector 
unit was coupled to the Lecher system at the input end by means of two small 
condensers a consisting of short brass tubes insulated from the Lecher wires 
by glass sle,eve.s. The diagram of the entire experimental arrangement is shown 
in Fig, r. The short-circuiting bridge is sketched in the same diagram. It 
should be noted that the bridge adjustment was made for voltage maximum 
\'acrossthe terminal condenser of the Lecher system. 
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Careful shielding arrangement was found essential to eliminate the induction 
effect of the small Rumkorff coil used for passing high voltage discharge through 
the discharge tube. The induction coil was enclosed in u shielded box and 
placed at a pousiderable distance from the experimental arrangement. The 
leads from the secondary terminals of ^he induction coil were properly shielded, 
and so also the leads from the input side of the Lecher wires to the valve- 
detector. The method of measuring ^he dielectric constant of the ionized air 
consisted mainly in determining the tuning position of the short-circuiting 
bridge when there was no discharge through the tube and in noting the shift 
of the tuning position when the discharge was passed through the tube. 

(c) Calculation of the effeclhe dielcclnc constant of the ionized air . — Let I 
be the length of the Lecher wire measured from the input end to the resonance 
point, when there is no discharge. C© is the capacity of the condenser which 
changes to the value e.C© (c being the dielectric constant of the ionized air) on 
passing a discharge through the discharge tube. C'l is the equivalent capacity 
of the two condensers with air and glass as dielectrics between the cylindrical 
pieces and the inner glass surface of the discharge tube. Cg is the capacity 
inserted in parallel to C© and C], in order to make up for the fact that some lines 
of force between the cylindrical pieces do not actually pass through the discharge 
tube. It would also be taken to include the capacity and induction effect of the 
short leads to the cylindrical metal pieces. 

When the length of the Lecher wire is adjusted for resonance, we have, 


2 ^ 
C ■ A 


. tan 



(i) 


where y is the equivalent capacity of the terminal condenser, C the capacity per 
unit length of the Lecher system and A the wavelength of the standing waves 
along the wires. Here 


. C,Cn 

cr+c. 


(2) 


Agahi, when a discharge is passed through the discharge tube, and if I' be the 
new resonance length of the Lecher wires from the input end we have, 


w'here 


y 2JT 

c ' r ' 


y=c*+ 



Cl +®Co 



Now let us put where Bu stands for the uncorrected value of the di- 

y 

electric constant of the ionized air. Thus 

eCoCi 


,y!-, 


C8 + 

C2+ 


Cr+sCo 
coCi : 
C, + «Co 


(s) 
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From (5) it can be easily shown 






(i ""«i«)Co Cj 
Writing f 5 for (i -«»), we have finally 


Cl /Co 

• 8 + C,/Co 


... ( 6 ) 


It is to be noted that C2 is eliminated from the above expression. Now from 
(1) and (3), 


y' 

y 


tan 


tan 


27 rl 

21 t] 


(7) 


This ratio — can be experimentally determined and if now we can find the ratio 

y 

Cl /Co, the exact dielectric constant of the ionized air can be determined from (6). 

(d) Determination oj C\lCo — Three sets of observations are necessary for 
the evaluation of this ratio : (i) with only air in the discharge tube, the resonance 
length I should be obtained, (ft) with normal solution of potassium chloride * 
inside the discharge tube the resonance length /i should be found and (in) with a 
uon*polar liquid like benzene having a known dielectric constant, the resonance 
length I2 should be again obtained. Thus we have for any wavelength A * 


(f) 


X= __ 
C 25 
A 



where v = Cs + 


CiCo 

C„ + C, ' 


(ii) 


C ?5iaii.^f' 
A A 


, where yj =C2 + Ci 


and 


(Hi) I-’- -- , .where y3 = C2 + — H.oCj. , 

C 25tan?^^ KCV+Ci ' 

A A 


K being the known dielectric constant of the uon-polar liquid. From these 
three equations, we have again ~ 

C? 




Cl +Co 


and 


C? 

KCo + Ci 


^ Pure mercury was also used* Both mercury and the normal RCl solution gave practi* 
cally the same resonance length. 
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so that we can write 

Vi-Va Co+C, 

whence Pj « KT'A 

Co A-i -• W 

K is here known and A is obtained from 


A 


Ti ~ry _ 
V1-Y2 






... (9) 


Ihe I'atio Cj/Co can thus be determined. 

(c) Experimental Results. —ThQ-pvQSsms: inside the discharge tube at the 
time of sealing was 3 mm. of mercury. In both sets of experiments for the two 
wavelength ranges ; 80 cm. - 240 cm. and 370 cm. - 1500 cm., the current through 
the discharge fube was maintained at a constant value, ns,, 4.1 in.a. The ratio 
Cl /Co was determined in the manner described in the preceding sub-section. 

The dielectric constant values as obtained from (6) and (7) are shown for the 
shorter wavelength range (80 cm. — 240 cm.) in Fig. 2(a). The shift of the 
resonance point for the same range is illustrated in Fig. 2(6). Similar curves 
for the longer wavelength range (270 cm. — 1500 cm.) are shown in Figs. 3(0) 
and 3(h), 
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The most noticeable feature in the observed variation of the dielectric 
constant of the ionized air with the wavelength of the measuring field is that 
there were three distinct minima in the dielectric constant value in the following 
regions ; 

(i) 175 cm. {2) 310 cm. (3) 370 cm. 

0 

Proceeding from the shortest wavelength (i.c., about 80 cm. in these experi- 
ments) the dielectric constant of the ionized air which was less than unity, was 
found to increase with the increase of wavelength. It attained the value of 
unity, when the wavelength was about 130 cm. With further increase of wave- 
length, the dielectric constant became even greater than unity. Subsequently, 
the value decreased again showing a minimum at about 175 cm. It increased 
again remaining however within the value of unity and decreased subsequently 
attaining a minimum at 310 cm. The dielectric constant similarly increased 
again remaining always less than unity and later it decreased till a minimum 
was reached at 370 cm. Subsequently to this minimum, up to 1500 cm. the 
dielectric constant of the ionized air steadily increased almost approaching the 
value of unity. _ 

detection of oscillations in the 
DISCHARGETUBE 

With the discharge tube working under the same conditions as in the 
dielectric constant measurements and without working the oscillator, a very 
careful search was made for the potential nodes on the Lecher wires in order 
to detect any oscillations in the discharge tube. Evidence of feeble and yet 
very distinct oscillations at three different wavelengths was obtained. The 
wavelengths were obtained by measuring the distance between two successive 
potential nodes. The wavelengths of these oscillations in the discharge tube 
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»ere: (i) 169 cm. (c) 310 cm. Md (3) 362 cm. The loctioc of the rcMuacK 
points for the observed oscillations was however less precise. The positions were 
found to vary by a distance of about i cm. 

It is interesting that the wavelengths of these oscillations corre.sponded rather 
well with the wavelengths, where the minima in the dielectric constant values were 
observed. 

PREVIOUS WORK ON TUI? O S C I L L A T I O N .S IN THE 

DISCHARGE TUBE 

The possibility of a resonance phenomenon in the ionized medium inside a 
discharge tube had long been envisaged by various investigators. A .simple 
theory of electronic and ionic oscillations inside an ionized gas was developed 
by Tonks and Tangmuir (igay). In the case of the electronic oscillation.s, the 
positive ions were supposed to behave like a rigid jelly of uniform positive 
charge density. Imbedded in it and free to move, the electrons were .supposed 
to have a uniform distribution, so that the net charge was zero. The field 
arising out df the electron displacement would then be responsible for the dis- 
placed electrons to oscillate about their original positions with simple harmonic 
motion. The frequency of such oscillation would be given by 

~-)^ = 8q8o^/N, 
y nm j ' * 

wheie N is the electron density and c, m are the charge and mass of the 
electron. Oscillations of this type were called plasma*-clectrou oscillations. 

J. J. Thomson (1937) also developed a similar expression for the frequency 
of oscillation in the case of electrodeless discharge, viz., 

{c being the velocity of light and A the wavelength of the oscillation). The 
lower frequency limit for long waves in this case coincides with the 
plasma-electron frequency of Tonks and Langmuir. Modified expressions for the 
Thomson formula were given by Jonescu (1931) and Placiteanu (19311. Tonks 
and Langmuir also considered ionic oscillations and gave an expression for the 
wavelength of such oscillation. 

There was also experimental evidence of oscillations in a discharge tube. 
Tonks and Langmuir (1929) W’ere able to detect oscillations in specially constructed 
mercury discharge tubes. The frequency range of the most rapid oscillations 
(frequency range 300 Mc/s — 1000 Mc/s corresponding to the wavelength range, 
30 cm — 100 cm.) agreed with that predicted for the oscillations of the ultimate 
electrons. They also obtained evidence of positive ionic oscillations. 

* The word ' plasma ’ was used by Tonks and Dangmuir to designate that portion of the 
discharge in which the densities of the ions and electrons are high but substantially equal. 
It cofiipri.ses the wtire space not occupied by ‘ sheaths ’ of positive ioqs, 
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Previous to Tonks and Langmuir, Penning (1926) had observed oscillations 
of radio frequencies in low-pressure discharges in mercury vapour. J. S. Webb, 
and L. A. Pardue (1928) also described some experiments in which they found 
oscillations up to 240 Kc/s in a low-pressure air discharge tube. 

Guttoii (1930 a) postulated the existence of quasi-elastically bound electrons 
in an ionized gas. According to his idea, the quasi-elastic force has its origin 
in the mutual action of the ions in the ionized gas at low pressure. The natural 
wavelength of the electrons under the action of the quasi-elastic force was found 
to follow the relation ; 


A 


where N is the electron density, A a con.stanl and c the velocity of light. In an ' 
elaborate study of the dielectric properties of the ionized air, Gutton obtained \ 
evidence of this natural frequency of the electrons inside a discharge tube, \ 
although he was not able to detect any electron oscillation in the ionized medium. 
The value of Gutton 's natural frequency did not however tally with Tonks’ and 
Langmuir’s value as required from their formula. 

Pederson (1930), on the other hand, explained Guttou’s experimental results 
by regarding the metal plates round the discharge tube and the latter as two 
condensers in series, one having air and glass as dielectrics and the other having 
the ionized gas as dielectric. According to Pederson, the latter behaves as if 
it were .shunted by an inductance. The metal plates and the discharge tube 
in Gutton ’s experiments were thus equivalent to a circuit of inductance and 
capacity and it was the resonance of this circuit that Gutton ob.served. According 
to this view, therefore, resonance frequency would depend, within wide limits, 
on the distance between the plates and the discharge tube. Gutton (19308) 
however did not notice any such influence. 

Resonance dispersion in an ionic plasma was considered by W. Sigrist (1937) 
as a definite ‘ container effect,’ arising from the decrease of ionic density at the 
confines of the spatially limited gas discharges. Sigrist made some dispersion 
measurements in the ionic plasma of a low-potential arc in argon, and obtained 
evidence of quasi-elastically bound charges with a definite resonance frequency. 
The experiments of Asami and vSaito (1938) in Japan supported Sigrist ’s view. 


P0Sv8IRLE CAT! SR OF MULTIPl^R RRSONANCF, OF THE 
KLRCTRONS TN THR PLASMA 

A series of overtones in tlje vibrating system is of course a possible explana- 
tion (Thomson, 1931, Placiteanu, 1931, Linder, 1936) of the simultaneous appear- 
ance of electronic oscillations of different frequencies or wavelengths. Alter- 
natively, according to the view put forward by Tonks (1931), the multiple 
resonance of the electrons could be attributed to the different electron densities 
in the plasma. Sometimes, more than one layer are plainly visible at some places 
inside the discharge tube. Jn our experiments, it is significant that the ‘ semi- log ’ 
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The Dielectric Constant of Ionized Air 

cmvtts drawn for tbe dcteriiiiuaUoii of the electron density in the discharge tube 
by Langmuir’s probe method, showed indication of a second brcab, besides the 
main one which was unmistakable. The main break gave a value of the electron 
density : N=.9Xio" electrons per c.c. The second discontinuity gave a 
value : N = ,57 ^ lo’’ electrons per c.c. 

The different electron densities in the pla.sma inside a discharge tnlic were 
previously observed by Childs fic)3n). 

rklation nuTwnHN n i. ic c t r o n r>i':N.siTY and nattrai, 

W A V F, D )? N t; T II I ) F T II It F h F C T RONS IN T HI! 1> h A .S M A 

Tonks and Langmuir’s relation between the electron density N and the 
wavelength A of the electronic oscillation would be given by 

NA‘^= I. j 2 X i((’ 

and if in button's formula N ‘ .A- = we juil A- 6.j x fwliirh lilted 

with Gutton’s experimental results), then we have 

It is worthy of notice that of the oscillations of three difleienl wavelengths 

T*;c; cm., 310 cm. and 360 cm, which were delected in the discharge tube, the 

oscillation of v^avelcnRth 310 cm. apjicared to correspond to the electron density 
N = .gXKy and the oscillation of wavelength 360 cm. to N - .57 x jo"; for we 
find (NA“) and (nU^) to remain ai)proxiiiiately constant, when calculated with 
the releveiit values of N and A, 'I'lnis 

\Ahen N = .()oxi()”, A — 310cm., NA^ = S.63 x N U*' — . 16 x 10^ 

andv^hen N=. 57x10', A-36()em., NA”“ 7.^^; x N"* .A‘‘-* - .15 x 

It is also evident that the experimental values of (NA'-^) given above arc quite 
different from the value calculated from Tonks and I^angnmir's formula. The 

.‘■i 

value of (N'A^), however, indicated a nearer ajiproach lo (Intlon’s value. 

A N D M A ,Iv O T' .S V A L V F .S ( ) !•' T II I! D I I! L 1! C T K IF CONS '1' A N 'I' 

O I' T II F I O N I / E D AIR 

Following T.orentz, the dielectric constant of ail ionised gas can be written 
in the form ; 

~ (1)0 1 H" 

where (a= angular freqency of the measuring field 

«)o=natural angular frequency of the electrons 
N~ electron density 

- v=?electron collision frequency 

and e and m are the charge and mas,s of an electron, 

'I-14S5F— IV 
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The graphical representaliou of this equation is the faiuiliar curve of auo 
nialous dispersion. Starting with a large value of w, if we go on diminishing w, 
the dielectric constant, which is less than unity, would gradually decrease and 
after attaining a minimum value it would increase and attain the value of unity 
when = When <i> exceeds w,), the dielectric constant becomes greater than 
unity. 

If, however, there are groups of electrons, each having a distinct character- 
istic frequency, then considering one after another all the dispersion curves, 
corresponding to the various natural frequencies, it can be seen that the final 
curve would be a superjjosed effect and the resultant dielectric constant curve 
could be of the type actually observed in our experiments. This is illustrated 
in Fig. 4. 



Fig. 4. 
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A NEW ULTRA-VIOLET BAND SYSTEM OF ANTIMONY 

MONOXIDE (SbO) 

By a. K. sen GUPTA. 

[ki'ceivcd for pttblh iitumf jn, 

ABSTRACT. A ne w ultra-violet band .system, very likely due to a '2— >’n tran.sition, 
lia.s been i)hot'.>grnphed under moderately high di.spersion in the region Azyio-As^jo in the j 
emission .speetruni of antimony metnoxide. The band.s are degraded towards the violet and 
eaeli liand head is it.seU double. Their vibrational .shuetnre analysis show .s that the lower 
slate (>{ this new system is identical with that of the other .syistems already known for the 
tnolceiile. 


1 N T K 0 1) U C T T () N 

In a recent conmiuuication fSen Gupta, iQ3g) the vibrational structure 
analysis of two band systems in the region Af)fi5()-A32ou hi the emission spec- 
trum of vSb( ) has been described. During tliis investigation the presence of a 
number of double-headed bands lying below A^otu) was noticed on the preliminaiy 
plates taken with a small quartz spectrograph of large light-gathering power. 
'I'liese bands have not been previou.sly recorded. 'I'lie analysis of their vibra- 
tional structure shows without doubt that Ibeir emillei i,*; the diatomic molecule, 
Sbf.), inasmuch as the vibrational constants of the lower state of this baud 
system are, within close limits, the same as those of the two existing systems. 
The object of the present paper is to report the aiuiiysis of these new bands. 

li X I' li R r M E N 'I' A L 

Using the same light source as previously employed, plates were taken with 
a Hilger J{. 1 . quartz spectrograph, having a dispersion varying from about 
2.2 A.U per m.m at Aa^oo 104.4 A.D per m.m at Aagoo. Using iron arc lines 
as standards of comparison, the wave-lengths of band-heads were measured with 
a (laertiicr precision comparator in the usual way. 

DKSCRIl'TJON OE THE N K W B A N D vS • . 

As the separation lietwcen* the sub-levels is very large in comparison to the 
vibrational spaciiigs, the doublet nature of the system is not apparent at the 
first s gilt- The system is, in fact, composed of two sub-systems, the more 
refrangible and the less refrangible components being indicated by (a) and (fc) 
respectively. The (o, 0) Itand of the b sub-system is a comparatively strong 
band at A2663.9(i b'=a 37526.9). The bands fo, 0), (0, i), (o, 2) and (0, 3) of this 
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&ul)-systeiH are more proiniiienl in comparison to the f i, o), (a, o) and (3, o) 
bands, I In most of the bands the heads appear double cvidej>tly due to the 
and Q-fortn branches, ^fhe separation between these heads increases 
progressively with increasing v'*- or decreasing values. 

The a sub-system also shows similar characteristics wjtli spacings prac* 
tically identical with those between the bands of the 6 ” siilKsystcm. It is 
further found that bands with the same values In the two sub-systems 

have an interval of approximately 2J7:i between them. Thus the a(o, 0) 

band is at A251 T.tSg (i'=^ 3979(S.6), Like the 6-bands, they have also two close 
heads, tlie sei>aratioii between them varying in a similar manner. The bands 
under consideration may tlieref 01 e be considered to b- made ui> of two groups, 
very much identical in theii api)earance. 

V 1 n R A 'r I ( ) N A L A N A J, Y ,S I S 

'J able I gives the w\avedengths in air of all the measured heads and also 
their wave numbers in vacuo, The r', -/'-values assigned to each band and 
the type to w hich its double-heads belong, are also included in the table. 

As the Q-form heads are ver} close to the origins, it may be considered that 
their wave numbers would represent very approximately the positions of the 
rcsj^eclive - band origins. Hence using the wave nnnibcr data of the Q-heads, the 
following equations have been independeiiliy derived for the (u) and (6) sub- 
systeiiis in the usual w^ay. 

For the 6-sub-system 

'"^37495.7 4 - S80.0 i) - 5. So “817.0 (r" H- i) + 5. JO (r" ^ i]“ 

and for the a-sub-system 

v = 30707.7 + 879.0 (i'' 4 i)- 5.90 (i’M* - S17.5 (r" 4 i ) 'l- 5.j() 

Jn table II are given the differences between observed and computed wave- 
numbers of the band heads. 

As the values of and do not differ very considerably, the intensity 
distribution of the bands w^ould lie on a relatively narrow' Condon i)arabola in 
accordance with the Frank-Condon theory. Although no actual measurement 
of intensity w^as made, a visual estimate seems to support the above view , It 
is further noticed that the Condon parabola in this case has one limb very short 
while the other limb is comparatively long. 

CORRELATION OF THE HAND SYS T K M S 

It may be noted at the very outset that since SbO is an odd molecule, its 
electronic states should be of even multiplicities. The vibrational analysis shows 
that as one would normally expect, only doublet electronic states are involved 
in the emission of three observed band systems. 'I’he data of their v^, and 
WgAtf values are collected together in Table IIL 
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Taiu.k 1. 


In vacno. 1 Assignment. 


Type of X 

liead In uir 


In vacuo, 
in ctti " ‘ . 


Assigonicnt. 


245a SI 


■J4S379 

245532 

•i'l.Sf'W 

245^’ -’5 

2.159-59 


2493-32 


2506,05 

:j508.i4 


2511.189 


2513.19 


2543.04 

2544.17 

^545-34 

3540.83 


4n74^»-9 

40715.6 


4< >64 5 ' 


3548.63 I 39235-0 


2554-96 


2560.S9 

2563,84 


2600.30 

2601.57 
2603.70 
2605.40 

2606.58 
2611,89 


«(3. 2) 
iJ(3. 2) 
u(2, 1) 


a(j, 1 ) 


2618.90 


2655.36 


j Q 2656.93 

all, i') 1 1* 2659.59 


40.195.1 I 6(3, o) 


2661 .05 


39914.2 a(2, j) o -2663.96 

39891.4 a (2, 2) 1’ 2665.93 

39858.2 a(i, 1) y 2666.14 

39836.4 a(i, I) I* 2667.08 

39798.7 <1(0, o) o 2672 64 

39778.1 a(o, 0) f* 2711,90 

.39326.7 6(4,2) Q 2717,10 

39293.8 6(3, I ) <J 2721.75 

39275-7 6(3, 1) P 2722.44 

39252.7 6(2,0) i o 2724.01 


6(2, o) I P I 2729.22 


39127.5 a(2, 3) Q 2776.66 

390581 a(i, 2) O 277816 

39037-2 a(i, 2) P 2782,78 

38992.3 a((., 1) Q 2784,15 

38971.5 a (0,1) P 2830.42 

38494.9 6(3, -2) Q 2831 50 

38445-6 6(2, 1) Q 2837.50 

38426.9 6(2, i) P 2838.66 

38395-4 6(1, 0) Q 2845,00 

38370-4 6(r, 0) • P 2846.09 

38353.0 a (2, 4) Q 2900 24 

38275.0 a(i,3) ] Q 2909.20 


.38191-5 

38172 6 
37707-6 
.)764S.S 


37588,7 

37568.0 

.375->6.9 

37.504.8 

.37496.5 


37405 1 

36863.6 
.3679.3-1 
36730-2 
36720.9 

36699.7 

36629.7 
36003 9 
35984 -4 


3.5924-7 


35907.0 


3 = 320.1 
35306.6 
35232 9 
35227-6 
35139-1 
35125 6 
34469-8 
. 34363-7 


a(o, 3) 
a(o, 2) 
6(3, 3V 
6(2, 2) 


6(1, 1) 
6(1, 1) 

6(0, o) 

6(0, o) 

«(i, 4) 

a(i. 4) 
«(o, 3 ) 
6(2, 3) 
6(1, 2) 
n(i, S) 

6(0. 1) 
6(0, i) 

a(o, 4) 
6(1, 3) 
6(1, 3> 
6(11, 2) 
6(0, 2) 
6(2, 5) 


6(1, 41 
6{i, 4) 
6(0, 3) 
6(0, 3) 
6u, 5) 
6(0, 4) 
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TAm,ii II. 


Baud, 

O-Cin cm .*. 

Band. 

O—C in cin * . 

Bainl 

0-Cin cnr ^ 

a(t), 4) 

-2.3 

"(a, 4 ) 

- 1.6 

2) 

-0.9 

Mo. 4) 

+ 0.7 

rt(o, 1) 

4-1.4 

*’( 3 . 3 ^ 

! 

-"1,2 

ail, a) 


^(o, 1 ) 

-1-0,5 

<3(1 , o) 

-fr.S 

'’(i, 5 ) 

+ 3-4 

0 ( 1 , 2 ) 


fn'i, 0) 

' 0.0 

«(n, 3 ) 

— 2 54 

i*(i. 2 ) 

-1-0,5 

< 1 ( 2 , i) 

-h 2.1 

3) 

+ 0.7 

3) 

--3.0 

(>( 2 , 1 , 

rj.O 


“- 2 .g 

3) 

0.0 

2) 

1 J S 


+ n 5 

a (n. (.1 

4-0.7 

/ 43 , 2^ 

4’0 3 

/)( 2 , 5 ) 


(i) 

~ O.I 

<») 

■K> 5 

£r(<), 2) 

-2.7 

fJ(i, 

4-0. r 

^M3» 1) 

4 - 3-0 

c) 

+ <» 5 

1) 

‘0 I 


1 '"' 1. 5 

1 

1 

-0.1 

oLi, 2) 

— 2.6 

^>(3. 0) 


<>(i, 3 ) 

- 3 .C) 

1 

i 





Tabi.k hi. 

of SbO Ixtnd svslcvis. 


IVsigimtifni < f 
Ijiind svsiein. 


w, ' 

w , ':V r ' 

w/^ 

w/'x/' 

Region of 
ore line nee 

Loss Refrangible. 

R 20667.5 
,18528 5 

569.0 

5.00 

817.2 

S- 3 f^ 

A6650JV4500' 

More Refrangible 

R 26594,0 
24322.0 i 

1 

582.0 

6.50 

817 0 


1 \472o A3245 

New ultra-violet, 

V 39767-7 

3749 . 5-7 

879.0 
, S80 5 

5,90 

5 80 

817-5 

817.0 

5 

5 20 

1 

j A29 iO'A245o 


The near equality of<a,"- andw/'.Ve"- values indicate that all the three 
systems have a common lower level. It is further evident that each of the more 
refrangible and the new ultra-violet systems has a doublet spacing of the same 
magnitude. One is therefore led to infer that this spacing must be between 
the doublet components of their common low'er level since it is veiy unlikely 
that both of them have the s^me doublet separation in their upper stales. The 
large value of the spacing suggests further that this common lower level w a *11 
state, It may be noted here that jn each of the homologous molecules NO, PO 
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and As(J, the band systems so far discovered have also a common ^11 lower level, 
which is considered to Ijc the ground state of the molecule concerned. In the 
present case, the common lower level of the band systems may therefore be 
suppo.scd to represent the ground state of SbO and an interval of 227a cm"' 
between its two 1 1-components seems also to be of the right order of magnitude. 

It is, however, probable that the doublet separations in the upper levels of 
the a bove two band systems are too small to be measurable. In that case these 
upper levels are either or Most likely each of them is a state. 

The presence of a fairly strong Q-head lends support to this view. It is there- 
fore not unreasonable to suppose that the more refrangible and the new ultra- 
violet systems are due to Iransilions between two diflerent excited states 
to a common ‘*11 ground state. On the other hand, the less refrangible system 
has an interval of only 2139 cm"' between its two sub-systems. This interval 
is less than that for each of the other two systems by 133 cm~'. It seems 
therefore probable that the upper level of these bands has a doublet .separation 
of this value. The absence of double heads as w'ell as the magnitude of the 
separation suggest further that it is very likely a '^TI state. Hence the less 
refrangible system may l)c assigned to the transition ®ll — >-“11. 



The electronic transitions concerned in the emission of the three observed 
band systems of SbO may be diagianiitically represented as shown in Fig- i. 

It is next of interest to ascertain their analogous band .systems in the spectra 
of the homologous molecules. ~ 

H O O h o o ( ) IT s 8 r li C 'I' R A ■ 

. Amongst the homologous monoxides of group V (b^ elements, it is well 
known that NO (Jevons, 1932), wliich forms the first member of the serie.s, has 
four overlapping band systems designated as y, fi, 8 and s bands and lying in 
the regions A166S-A34O0, A2185-A5370, A1900 — A2300, and A1670 — Aj88o. 

respectively. The first three systems appear in the emission , spectrum of the 
molecule. All of them have, however, a common lower level which is the 
ground state of the molecule. Jixceptitig the bands of the /3 system, those of 
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others are degraded to the violet. From an analysis of their rotational strurtntc, 
7-bauds have been assigned to a transition while /J-baiids to 

It is further supposed that 8. bands arc also due to a transition. The 

nature of the upper stale of the weak ^-bands^ which have been observed in 
absorption only, is still undecided. The doublet spacing of the two IFcoinponents 
of the ground level of the molecule has a value of 121 . 

In the spectrum of PO, (Ghosh ct a/, 1Q31, {^engupta et a/, 1939), far only 
two band systems are known. One of them lies in the region A228o‘^A2790 
and is considered as analogous to 7-bands of NO. The second sy.slein lies at 
A3300 and is supposed to be an analogue of / 3 -baiids although it lies on the longer 
wave-length side of the first system. As one would cxpect> the doublet separa- 
tion in the ground level has a higher value than that of NO^ and is 224 cm"*'. 

Two systems of bands with a common lower level liave been recently 
analysed by Connelly (1934) and others (Jenkins ctaU i935i IVforgan ctal^ 1935) 
ill the spectrum of AsO. They are designated ns A and B systems and lie in 
the regions A2950'-A3^5o and A23S0-A2800 resI)ectivcl3^ The A system degrades 
towards the red while tlie B system towards the violet. Fa cb of Ibeiii consists 
of double headed bands and has been assigned to a transition then 

ground level having a separation of 1026 cm" F between the ll-coinponents. In 
fact, the A system shows none of the characteristics of a "'ll — >"‘""11 transition. 
Jenkins and vStrait (1933) arc* of opinion that it is the analogue not of the /:>-bands 
but of the 8-bands of NO while the B system is analogous to the 7-bands. It 
is thus evident that while in the case of NO the 8-l);uuls He on tin* shortei 
wavelengtli side of the y-bands, the order is reverosed in the spcOiimi r)f AsO. 

In the spectrum of SbO, the general appearance and intensity distribution 
of the more refrangible system resemble closely those of A sy>lcii, of AsO. it 
is therefore vci'c likely analogous to the c-bands of NtJ. t )n the olliei hand the 
new ultra-violet baud i^yslcni appears to be an analogue of llie ydiands, since 
it occurs in the expected region of the spectrum. It may Ijc noted here that 
V, for the two sub-systems of the 7-bands of NO shifts from 439 ^> 5 43S44 
cm"F to 40489 and 40265 cirrF for PO and to 404 Ji and 39.^87 cm*"' for AsO. 
In the spectrum of SbO, for the new ultra-violet bands is at 3976S and 3747 ^ , 
an"^ It is, however, significant that this system becomes v\eaker in intensity 
with increasing molecular weight of its emitter. In fact, it is so weakly 
developed in the spectrum of SbO that one may be led to picdict its absence in 
the spectrum of BiO under similar conditions of excitation. It is further found 
that the more refrangible and the new ultra-violet systems of SbO aie more 
similar to the A and B systems of AsO than to the 8 and 7 bands of NO as 
regards their intensity distribution and position. The less refrangible system 
of SbO is very likely analogous to the / 3 -bands of NO since it bears a close 
resemblance to the latter in its intensity distribution, besides being due to a 
sijnilar transition. 

A correct vibrational analysis of the bands of BiO is still wanting to make 

the analogy complete. 

tv 
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TRANSFORMATION OF DIAZOCYANIDES 

By M. a. SABCWR, M.Sc., Ph.D. (Lotid,), A.I,C. 

{Received for publication, zoih June, 1943) 


ABSTRACT. The rate of spontaneous transformation of (■t'j-/>-chIorohenzciiediazocyani< 1 e 
into the froni-isomeride has been followed in benzene and carbon tetrachloride solutions by 
means of the change in dielectric constant. The half life period thus found appears to be inde- 
pendent of the initial concentrations and therefore t,he change is of the first ol der. 

From the measurement of the velocity constants of the tran.sformation carried out at 
different temperatures the energy of activation is calculated to be about 23 lig.-cals. in either 
benzene or carbon tetrachloride .solution. 


The geometric isomerism of the cis-lrans type in nitrogen compounds was 
firt.l suggested i)y Ilanizseh and Werner in iSqo when it was shown that certain 
oximes are capable of lieing transformed to the more stable isomeride under certain 
conditions. The concept was subsequently extended to doubly linked nitrogen 
compounds, notably I0 certain phenylhydrazones and diazo-coinpounds and from 
various experiments which since followed it can now be said with a fair degree o£ 
certainty that the low melting form of the diazocyauides, the form that is initially 
produced, is the cis and that the high-melting or stable form is the irans. 


Labile form 
Ar-N 


X— N 
cis 


Stable form 
Ar— -N 


II 

N-X 

irons 


For various controversies extending over years leading to the establishment of 
these structures the following references may be seen ; Hanlzscb and Reddelien 
(1923), Hantzsch (1894), Hantzsch and Schulze (1895), Hanlzsch (1895), Euler 
and Hantzsch (1901), Gabriel (1879), Hantzsch and Banziger (1897), Hantzsch and 
vSchultze (iSgsb), Stephenson and Waters (1939), and U Fevre and Vine (1938)- 
When the constitutions of the diazocyanides were fairly established by all 
available chemical means, Hantzsch and Danziger (1897) prepared nearly twenty 
diazocyanides in their isomeric forms. Both isomerides were orange yellow in 
colour and sparingly soluble in water but gave solutions in non-polar solvents in 
which they were soluble. The labile form has always the lower melting pouJt, 
greater solubility atid couples much more easily in alcoholic solutions With 
/ 3 -naphthol, Hantzsch and co-workers could not determine the rate, order, etc., 
of this transformation owing to the difficulty in following this type of change by 
chemical means and to the imperfections of the physical methods of following this 
type of cliangc. 
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In the present work an attempt has been made to follow this spontaneous 
isomerisation in different non polar solvents by means of dielectric constant 

Ai—N Ar— N 

change, transformation of 1| — > ll being associated with a change 

X— N N~X 

Ar— N 

of capacity of a condenser having ll molecules as part of the dielectric. 

X— N 

There are a number of difficulties for the systematic study of the cis — > Iratts 
transformation of benzeiiediazocyanides. The unsubstituted benzenediazocyanide 
CuHft.N — N.CN is difficult to obtain in the pure form and doubt has been 
expressed whether it exists as CoH.,.N = N.CN or as — N.CN, HCN 

(Hant'/sdi, jgoo) (Hantzsch and Schulze, t 895(). An attempt was made to prepare 
this substance by treating the diazolised solution of aniline with potassium cyanide 
in the usual way and aii oily liquid was separated which was found to be highly 
unstable and explosive. Its benzene solution, however, show'cd a change (^1 
dielectric constant with time showing that the isomerisation was taking place. 

Most ri,v-bcuzeuediazocyanides arc either unstable and easily isomcrisable or 
stable and vei'y slowly isomerisable, and in the latter case require a higher tem- 
perature for their study. These substituted benzenediazocyauides which isomerisc 
very easily such as /)-nitrobenzcncdiazocyanide are not very suitable for measure- 
ment at widely separated temperatures. On the other hand, ^j-bromobenzene- 
djazocyanide is stable and moderately easily isomerisable so that inconveBieiitly 
high temperatures arc necessary to study the temperature coefficient. The 
variation of the dielectric constant of a non-polar liquid is not linear with tempera- 
ture beyond a certain range. Hc.sides, the high teiviperature introduces certain 
other errors connected with the experimental cell and the apparatus. Another 
difficulty is that the solutions of cis- benzenediazocyauides lose nitrogen at high 
temperatures. For these reasons measurements have been confined to the tem- 
perature range of 35“C and 3S'’C. A list of some of the very well-known cis- 
diazocyauides is given in the Table I, with their nature and characteristics. 
cis-i>-chlorobenzcnediazocyaiiide is seen to be stable and easily isomerisable, and 
the transformation to the ira/i.v-isomer can be obtained w ilhin moderate tem- 
pei-ature. 

Tabi.i5 I 


/j-Mitro- 

( ‘ /\s -benzene di azoc> an i< le 

/>"Chloro- 

ft f> 

/»-Bromo- 


o-Bronio- 

• 

»/ i* 

iu-BroTiiO“ 

Jr 1 J 

2 : 6-Dibromo- 
a : c 

jij » 


3:4s -Dibroiuo- 

3:5) 


2 '• 4"“ 'J* 


3:4: 6-Tribroino* 

«» 

•« 

a ; 4 : 6-Tricliloro^ 


If 

3:4: 5-Trichloro- 


1 1 


... Uiist a blcj very eatiily isomerisable, 

... Stable, easily isomerisable. 

Stable, moflerately easily isomerisable. 

... Vfvy .stable, difficultly isomerisable. 

,,, U»stal)le, not isomerisable. 

Very unstable, not directly isomerisabk * 

... Stable, slowly, sjxmtaneotisly isomerisable. 

\’'cry stable, not sjx>i)taneoiisly isotnerisabU 
Very stable, difficultly isomerisable. 

V^'ery stable, difficultly isomerisable. 

Stable, easily isomerisable , 
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■ For thoso , compounds which are difficultly isomerisable, their minitnum 
temperature of isomerisation may be as high as t oo”C and usual solvents such as 
benzene, carbon tetrachloride, etc., cannot be employed conv’euienlly. The cis- 
form of ;(j“Chlorobeuzenediazocyanide having a melting point of ag^C, is easily 
purified and convenient to handle. It was therefore chosen as the representative 
of the aryl-diazocyanides. 

The solutions of the cis-diazocyanides are liable to change completely to the 
stable tmn.s-dlazocyanides or to decompose with evolution of nitrogen or hydro- 
cyanic acid, according to the nature of the solvent and temperature used. Thus 
in ether solution side-reactions may occur along with the usual isomerisation, 
whilst in alcohol and acetone solutions <,(.s-diazocyanides rapidly darken and 
gradually evolve nitrogen to the extent of 20%-4o% of the total quantity of the 
dia/.o-group present. The isomerisation of the c/.s- to the /rfuix-diazricyanides is 
quantitative only in non-ionising solvents such as benzene and carbon tetra- 
chloride (Stephenson and Waters, 1030). It is because of these rcason.s that 
benzene and carbon tetrachloride have been used as solvents. The choice of the 
benzenediazocyanidcs, solvents and temperatures arc severely limited for a 
dynamic study such as that contemplated. 

The recorded procedure (Hantzscli and vSehutze, 1895a ; Hantzsch and 
Danziger, 1897) was followed with particular modifications regarding purification 
and drying. ^i-Chloroauiline (o.i g. -mol.) was dissolved in concentrated hydro- 
chloric acid (0.45 g.-mol. or 45 c.c.) and water (45 c.c.) and diazotised with 
sodium nitrite (o.i g.-mol.) with constant cooling and shaking. The resultant 
diazotised mixture was filtered and cooled to — io°C in solid carbon dioxide and 
acetone mixture, 50 c.c. of absolute alcohol being added in order to prevent the 
mixture from freezing. Potassium cyanide (0.2 g.-mol. or 13 g.) in water 
(25 c.c.) was added slowly with constant stirring so that the final rnixluie 
remained acid to litmus. The yellow precipitate was filtered off under suction, 
washed with chlorine-free, ice-cold water, dried as far as possible under suction, 
and then dissolved in cold, light petroleum with a little ether. The mixture was 
then shaken for ten minutes with anhydrous sodium sulphate, filtered and well- 
cooled in solid carbon dioxide-acetone mixture, when tlie labile /^-chlorobenzene- 
diazocyauide was dcjKxsitecl. The solid was washed willi a little cold light 
petroleum and dried by evaporating off the solvent in a cm rent of dry air.. 

It has been observed by the auth< r that a dry specimen of labile y>'Cbloro- 
benzenediazocyanide can be kept for some time in a vacuum desiccator in a refri- 
gerator without appreciable change. 

The apparatus used in determining the dielectric constant is shown diagram- 
matically in Fig. j. The component parts are as follows: Q, Hilger quartz crystal 
(circular, 857 kilocycles per second), Vi, Valve (Milliard PM 12), V,, Valve 
(Mullard PM 202), Ti, Inductance (diameter 3" approx, with 40 turns of wire), 
hit Inductance (diameter 2 5" ai)prox. with 34 turns of wire), C, and Cj, Fixed 
condensers (2/J1F each), Ca, Variable condenser (maximum 250 /»/jF), C'a, Experi- 
mental cell (80 /^/»F with air dielectric), C®, Fixed variable condenser (maximum 
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m 

1200 Cn, Standard variable condenser, Sullivan type (maximum 30 
R, Resistance (i megohm), M Millianimeter (0 — 5 milliamps.). G, Galvatidniieter 
(Moll type, 4 volts on magnet) and U, Grid bias battery. 



Appnratns for mt a-Miring dieicctrir ronsfant 


Fio. 1 



Perhaps a word is necessary abmrt the 
experimental cell C4. It has therefore been 
shown in great detail in the adjoining sketch, 
Fig. 2. It is of modified Sayce and Briscoe 
type (Sayce and Briscoe, 1925). It consists of 
two concentric glass tubes similar to boiling 
tubes, the outer surface of the inner tube and 
the inner surface of the outer tube, i.e., the in- 
ternal surfaces of the annular space of the tubes, 
arc coated with colloidal graijhite films to form 
the plates of the condenser. THc outer surface 
of the inner tube formed the high potential plate 
and the inner surface of the outer lube wias 
Connected to the earth and w’as therefore the low 
potential plate. 


Fig.? 
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'I'he diel6c^ic coostants of solutions of />-clilorobenzenediazcjCyanides in ben* 
zenc for difforent w&iglit fractious as the transfoniiation proceeds are graphically 
represented in Fig- 3. The half life periods have been shown by arrows and are 
practically identical within the experimental error. I'he change is therefore a 
niononioleculai one. 1 he following table summarises the half life periods for 
benzene and carbon tetrachlori<le solutions at different tenjperatures. 



INFLUENCE OF CONCENTRATION ON ISOMERISATION 

OF p-chloro- benzene diazocyanide 

IN BENZENE SOLUTION AT 2$"c. 

Fio. 3 


Table II 


Solvents 

Weight 

fraction 

Temp. 

Time of 
half change 

/,^ 2 - 3''3 logs 

logl» If 

Uir,s-M 

j looo/T 

Ik*nzcne 

o'o 5 ooS 

2.5*C 

11 hrs. 

0.06294 

1 — 1.2010 

3 . 3 S«» 

M 

0.02461 

30 "C 

6J hrs. 

0*10670 

— U.972O 

3.301 

J J 

0.03234 

.t 5 *C 

3i lirs. 

0.19810 

I 

-0.7032 

3.346 

("arbon tetrachloride 

0 01637 

2.5'C 

16 hrs. 

0.04333 

- 1.3632 

S-S.'SS 

' ** 

0.01513 

3o"C 

S hrs. 

0.08666 

“ 1.0622 

3 . 30 T 


o’oi 457 

35*C 

4} 

0.15400 

1 

-0.8123 

3.346 
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lyOg fc (hrs“‘^) is shown agaiiisf looo/T multiple of reciprocal absolute tem- 
perature in the adjoining graph (Fig. 4). This bears a linear relation. The 
conversion therefore follows a first. ordei equation in both solvents. As calculated 


from the equation derived from the Arrhenius equation 

the slopes of the lines give a mean activation energy of about 
23 kg.-cals./g.-mol. for the change in benzene solution and 23 kg-cals./g.-raol. in 
carbon tetrachloride solution which may be taken as identical within the experi- 
mental error and do not require a different mechanism in the two solvent.s. 

The author wishes to express his thanks to Prof. C. K. lugokl and 
Dr. R. J. W. lyc Fevre for their valuable help and to the Government of Bengal 
in the Department of Kducation for grant of a Stale vScholarship which enabled 
him to carry out this work. 
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SPECTRUM OF DOUBLY-IONISED CADMIUM 

By K. C. MAZUMDER 

{Ri'ccived for ptihliiailou, June is, 1945) 

ABSTRACT. An experimental investigalidii cf tlic- .siwik .spectrnni of (a.lmium has (,ewi 
made, the range of speetrnni extending from Aaaoo (0 SJO^. The lims c-orres ponding to 
different stages of ionisation Wave Ween sorted ont liy introducing inductance in the spark 
circuit. 13.1 new lines of Cd III hav( hecn clas.silicd identifying jej new terms which consist 
of 4 d» 6 s, /id^sd and 7 undesignated terms. The term values have been calculated bv means 
of the 5S-5P and 5p-6s groups of line.s. The value obtained for the deepest term, -)d'® 'Sj, is 
308463 cm"’ ; the Cf<rre,sponding ionisation potential is al'out 38 volts. 

E X 1* K R 1 M R N T A E 

'I'hc experimental part of this investigation was caniecl out at ‘Ujtsala,’ 
Sweden, in 1931-32 when the w'liter was working under the Late Prof. A. Powder, 
F.R.S., in the Imperial College of Science and Technology, Lotidon, on the 
isoelectroiiic spectra of Cii, Zn, Ag, Cd, etc. Through the kindness of Prof. 
Siegbahn the spectra of the above elements were taken in the Physical Labo* 
ratbry at. Upsala with tw-o ‘grazing incidence’ spectrographs. In one, the 
grating was of radius 1.5 metres and in the other, i metre. The source employed 
was the ‘hot spark’ excited by means of rectified and condensed cmrent of 
tension of about 50 to 70 kilo-volts. The range of the spectra photographed 
was from A2200 to 370A, the dispersion varying from S-yiA per mm. at 22ooA 
to 2. 80A per min. at 400 A. The definition w'as extremely good and the lines 
as close as p.ipA were clearly separated. 

The lines belonging to the different stages of ionisation were distinguished 
from each other by inserting some suitable inductance in the spark circuit. By 
adjusting the amount of inductance and the time of exposure the lines of Cd 111 
were obtained with approximately the same intensity with and W’ithout induc- 
tee. Cd IV lines were prominent without inductance and suppressed with 
inetWee. The reverse was the case With the Cd II lines. The lines of which 
the. intensities are equal with and without inductance or differ by 1 are taken 
to'ibe’th'e Cd III lines— the most prominent lines having been given the intensity 
‘lo.’ The faint lines Where this criterion cannot sometimes be applied have 
been, treated a^CdrilTines whenever they are found to fit into the analytical 
scheme. ' ' 

C tr A S S 1 F r C A T I O N 

The doiibiy-ionised cadmium is isoelectronic with singly ionised silver and 
neutral palladium! and a general similarity of fb® three spectra, Cd III, Ag ll 
■ 6— iV 
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add Pd I is to be expected. In accordadce with Hund's theory the triplet and 
singlet terms arising from the atoms in the unexcited and various excited states 
may conveniently be represented as in Table I which indicates the types of 
terras arising from the more important configuration shown on the left- 

■ t ' 

Tabi,k I 


4s 4p 4d 4f 

5 s 5 P S'! 5 f 

6s 61) 

Prefix 

Terms 

2 6 xo 




'8a 

26 9 

1 

1 


’D, h) 

269 

1 

1 

i 

4c15’5P 

’(PDF), 3 (PDF) 

26 9 



4(i®6s 

'D, ’D 

269 

I 

i 

4 (1^5(1 

' (vSPDFG) , 3 (SPDl<Ti) 

269 


I 

4d*>6p 

bPDF), 3 iPnF) 

2 6 8 



.'jd* 5 s 2 

'(SDO), PPFi 

2 6 8 

1 1 


4 ( 1 " 5 S 5 P 

-'•(PFG), i'lnFOi, etc. 


,,, The lines corresponding with the possible combinations of the first three 
rows have already been lueasvired and identified by Gibbs, and White j[,iQgS), 
and independently by, McLennan, McLay, and Crawford (1928). In the course 
of the present investigation all the terms shown in the fourth and the fifth row 
have been identified. The terms ’F;), ’Fj and belonging to the 

configuration 4d*5s‘’ and probably the terms *D.,, '’F., belonging to the configuration 
4d*5S5p.,for,,pd I have been identified by Shenstone, 1^1930). But none of the 
tet;ms belonging to the above two configurations have been identified in the case of 
Ag II. The terms 3d"4s' and 3d*4S4p for Ni I (Russel 1929) have been found 

to give very, bright lines in combination with the 3d"4p and 3d''4s jijrms' 

respectively. No traces of these lines have, however, been found ip the case, 
of Cu II, though the spectrum was excited by ,, the very pow’erfui method of 
“hollow cathode ” (Kruger, 1929),* But in the case, of Zn III the .terms , 3d®4s' 
(®F) 4 P'> *(I^FG) and the terms 3d*4s. (*F) 4P*f,*(DFG) have bg.en identified by 
the present writer (Mazumder, 1936 ; Mazumder ,1934-35,).., The terms 3d*4S** 
*(SGD) ®(PF) could not however, be located for Zn III. In the spectrum of" 
Cd in a large number of lines giving the characteristic differences of the, ^d'lss 
tenns appeared just below A600 A; These lines do not combine into a j^ydber^'- 
sequence of 4d*np terms wit, h 4 d‘’ 5 p terms already known-rthe. expected region, 
for 4d®(ss-6p) lines being in the neighbourhood of XyooA- Like Zn III thei^e 

Cd III lines should then also be due to the combination of 4d*5s terms with 

.Shenstone has, however, later identified the terms 3d*4s* and,3d*4B4p for Cnll; 
PWt. Trorw, Roy. Soc , sjjA, p. ip5, March 18, 1936. ‘ ‘ ' 






spectrum of thvbly-lonised Cadmium 2Si 

4d*5S5p terms. In the absence of the corresponding data for Ag II and Pd I 
it is difficult to identify the terms 4<i*sssP for Cd III. The work is, however, 
being continued and this part will form the subject matter for a future commu- 
nication. 

A few lines are still available in the region where 4d*(5p-6s) and 4d*(sp.sd) 
lines appear. Some of these residual lines give characteristic differences' of 
44*5P Th^ probably arise from the combination of 4d*sp terms with 

4d*S5® terms. But most of the minor combinations being absent,, the jlines 

concerned are here shown as due to the combinations of 4d"5p terras with a 

few undesignaled terms. It should be remembered that the transition is a 

double electronic one and all the satellite and intercombiuation lines may not 
appear. 

There can be no doubt that the strong group of lines A2225 to r47oA has 
been correctly classified by Gibbs and White as arising from the combination 
of 4<i“ss and 4d’'sp terms. The lines occur in the region which is to be expected 
from a comparison with corresponding groups in the isoelectronic spectra Pd 1, 
and Ag IX. By applying the irregular doublet law it is found thus : 


rd I 
Agll 
Cd III 


ss ’Do 

- 5 P ’D, 

• 30829 

16464 

• 47293 

15149 

. 62442 



where the Av’s are in the usual order of agreement in such comparisons. 
Moreover, the terms of Ag II and Cd III are arranged in the same order of 
magnitude and the Av’s in the components of triplets have generally the 
same sign. 

The expected regions for (sp-fis) and (sp-sd) groups of lines arc in the 
neighbourhood of the (5S-5P) group. On examining the lines just below the 
(5S-5P) group a large number of differences characteristic of the 5p terms have 
been obtained. It has been possible to arrange the lines as due to the possible 
combinations of sp terms with the 6s and sd terms. As mentioned earlier, by 
means of some of the residual line.s a few terms have been obtained which, 
though left undesignated, are most probably . the 4d'’5s* group of terms. ! , 

The 5s and 6s groups having been established, it has been possible to* 
calculate the absolute term values by means of a simple Rydberg formula. The 
value for the 5s ®D8 term is found to be 238000 cm"'. This places the deepest 
term 4d'* ’So at 308463 cm"' ; the ' corresponding ionization potential is aliout 
38'volts. ' 

' Compafison of the three Isoelectronic Spectra, Pd I, Ag II and Cd III , , 

It is. of interest to compare the term values of isoelt-ctrOnic specfia 
Pd T, Ag 11 and Cd III as in the following tabic : 
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The values of the 4d“6s (®*^(D)) Terms 




*D, 



Pd I 

18476(216) 

18260(3316) 

14944(152) 

1479^, 

Agll 

■ 56637(377) 

56260(4215) 

520451279) 

51766 

Cd III 

104033(488) 

103545(5315) 

98230(366) 

97S64 


It will be seen, that the separations of the terms have systematically tncrtesed 
with the nuclear charge. 




Separation of the 

Triplet D Term 




4 d”.SS 

4 d” 6 s 

(2, 3) 


(i, 2) 

(2. 3) 

(1, 2) 

Pd I 

2 .t 39 

1 jyi 

3316 

2 J 6 

Agll 

2998 

1577 

4215 

377 

Cd III 

3866 

1900 

5315 

488 


The above figures show that the difference, *D2“*Di, has increased with the 
quantum number, whereas “Da "’Da has decreased. The total separation has, 
however, remained practically the same. It is evident from this that the separa" 
tion of the ground terms 4 d* *1)3.2 of Cd IV will approximately be- 

(3866+ 1900) + (5315 + 488)/ 2 or 57K5 cm'K 

The actual value found by Green (1941) is 5812 ; thus the agreement is 
very close. 


Application of the Irregular Doublet Law 



SS*D, 

SP’Da 

5 s’D 3 - 5 P“D, 

(5s’D,)^~(5P*D3)^ = A(vi) 

PD I 

60716 

29887 

30829 

16464 

73-5 

Agll 

138000 

90707 

47293 

15 H 7 

70.3 

Cd III 

228000 

165560 

62440 

70.6 

According to 

the irregular 

doublet law ‘Avi’ 

IS independent of the nnclear 


charge which is found to be approximately the case from the figures given in 
the last column. It is interesting to point out that the corresponding figures 
for Ni 1, Cu II, and Zn III given in the author’s papers mentioned earlier are 
69.1, 71.8 and 72.2 respectively. 

■ In Fig. I the Moseley diagrrfhis for terms 4d‘" 'S© 4 d* 5 S 5 P* 0 » 

f>s*D)i for the three isoelectroiiic spectra Pd I, Ag II and Cd III are drawn. 

The figures for Cd III are based upon ss’Ds“ 228000 cra"^ calculated from the 

data obtained in the present investigation. The curves corresponding to the 
terms .ss“I)s and 5P*Dji run fairly parallel. All the curves bend sightly down- 
wards vvitli increasing 'A. " ■ 
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In Table II the wave numbers of the lines classified as due to the combi- 

nation of 5 p and 6s terms arc given* 
For completeness the (ss-sp) group of 
lines given by Gibbs and White is also 
included. The figures just above the 
wave numbers indicate intensities. The 
term values written near the respfective 
terms arc those obtained by the author. 
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X 







In 'I'able III are given the designation 
of the terms and the corresponding 
values; in 'J'able IV, the wave-length, 
wave numbers, intensities and classifica- 
tion. The lines against which the letters 
G. and VV. have been w’ritten are 

those classified by Gibbs and White; 
but the wave-length, frequencies and 
intensities meutioued are those obtained 
in the present investigation except for 
a few' lines at the end of the table where the original figures have been 
retained. Against some of the lines “Gr IV has been written; these have 
also been used by Green in his analysis of Cd IV lines. Some of these lines 


pdi 


Cd III 


A911 

Fig. X 

Mo.seley diagram for Pd I, Ag 11, Cd III 


Table II 



4 d>» 

'So 

308463 

3D3 

228000 

I 9 oo^D 2 

226100 

4 d ^ 5 s 

3866*Di j 2652*02 
222234 j 219582 

’r>3, 

104033 

, 4 d 

488’Dj 

103545 

» 6 s 

.5313*0, 

98230 

366'Dj 
978^4 , 

16942a ?F4 


15 



_ 

4 

_ 


_ 

“T2838 
» 73240 ®F3 


.S8578 

12 

IS 


8 

65.590 

3 

5 


«- 

6541 • 

1 65699 *Fj 

* , _ 

55760 

1 

53859 

10 

10 

. 47341 

9 ‘ 
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TABtE HI 

The term values of Cd III 
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are undoubtedly Cd III lines, some may Ise blends and one line, namely, 71096, 
is more likely to be a Cd IV^ than a Cd HI line. Out of several plates taken 
during the investigation only two have been measured ; intensities obtained 
from both the plates with and \Yithout inductance are given in the table. From 
these figures it is easy, in the light of the variation of intensifies of the lines 
used by Gibbs and White, to infer the stage of ionisation of the respective lines 
The doubtful cases have been marked ' IV ' with a sign of interrogation. 

It seems necessary to mention four cases where lines appear by violating 
the selection rule ; but as they can be explained away in the following manners 
they have not been included in the tables. There is a line ‘ 59873 ’ for the 
ewnbination 4d^''5S "Di -Ad’ “5p ’Fa exactly equal to the difference of the respec- 
tive tem-values. Its wave-length, 1670.206, is double the wave-length of the 
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oxygen line 835 x0 ; but it should be mentioned that other tnemljers of this 
group of lines have not appeared in the and order* A line appears in the place 
of the combination 4d®5P Its intensity is ' and 'o’ 

with and without inductance^ so it can be a Cd II line. The combination 
5p '"’Px-^sd seems to appear with intensity '0+’ and '0 + ' with and 
without inductance ; but on a veiy close examination of Plate III (only 
in this plate the line has appeared), its appearance without inductance is seen to 
be extremely doubtful. It may be then a Cd IV line. The line * 73592 ' for the 
combination 5p has been found and measured in both the Plates 11 

and 111 with intensities ‘o' and '0+', aud ' i ’ and '0 + ’ with and without 
inductance. The author has also found a line ' 73597 ’ in the zinc spectra which 
did neither fit into the analytical scheme for Zn II nor into that for Zn III and 
it could not be a Zn IV line on account of its behaviour with respect to induc- 
tance. Both these lines may be the same line and an impurity line. 

In conclusion the author wishes to express his deep sense of gratitude to 
the late Prof. A. Powler of the Imperial College, London, for suggesting the 
problem, to Prof. M. vSiegbagn for permitting him to w^ork in the Fysicum of 
the T^psala University, to Dr. D. M. Bose, Director of the Bose Research 
Institute, Calcutta, for permission to use the Library of the Institute, and to the 
Authority of Tata Iron & Steel Works, Ltd., for permission to continue the work 
in their Research Laboratory. 
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Tata Iron & STurc Works. 
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STANDARD STATE OF DESICCATION OF DRIED BLOOD 
PLASMA AND THE ADVANTAGES OF DESICCATION 
IN THE REGION OF MOLECULAR FLOW 

By J. N. MUKHERJEE 

AND 

B. R. MAJUMDAR 

[Received for publication, May 
1 N T R 0 D U C T r O N 

Diicd blood plasma, used for transfusion purposes, is desiccated at compara- 
lively low tc-niperatures to prevent the denaturation of the plasma proteins. 
The stability of the products depends upon the amount of residual moisture 
and a standard method of its estimatiou should be followed. It appears also from 
a study of the literature that a standard state of ‘ dry ’ plasma has not been 
specified. 

Flosdorf and Webster, in 1937, measured the residual moisture of dried 
blood plasma from the percentage losses in weights of the product when desiccated 
under different conditions. The results are given in Table I. 


Tabi-e I 

Percentage loss obtained under different conditions 'of desiccation 


Time in hours 

P2O5, pressure loo 

P2O5, pressure i 

5(/C, pressure iog 


microns 

atmosphere 

microns 

24 

0.61 

(>■59 

0 


J -33 1 

1 0.80 

O.I 

72 

J.28 ! 

0.82 

Increased in weiglit 

98 j 


0.82 

ti If 


it will be seen from Table I that constant weight is attained in c.ich c.'i.se 
but the residual moisture content is different. 

Greaves and Adair (1939) found the loss of moisture of a sample of blood 
plasma dried over PjO;, at a high vacuum (order not mentioned) at room tem- 
perature to be between 0.42 and 0.56%. 

Blood plasma previously dried over silica gel at a pressure of aoo microns 
was desiccated over PsO;, at two different pressures and the results are given in 
the following table. In the experiments recorded in column 2 the desiccating 
vessel used w'as what is known as "drying pistol (C»sttcTniann 1937)* A vacuum 
of very hifeK order could be maintained in it. The other experiment (column 3) 

was carried out in a vacuum desiccator previously tested to be free from leaks. 
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The experiirients were made at room temperature and no heat was supplied to 
make up for the loss due to evaporation. 


T>vBi.e U 


1 

Time in 

% loss of moisture when desiccated. 

% loss of moisture when desiccated 

hours 

over PaOs at o.i micron 

over P2OH at loo tnicrons 

24 

1.82 

0,23 

4 « 

2.26 

0.41 

72 

2-35 

n.52 

gn 


— 

02 

— 

I 

96 

*•35 

1 ■ - 


It is evident from the above talde that losses of inoistmc at the two different 
orders of vacuum are quite different and that for a pressure of loo microns, 
the percentage loss does not attain a constant value. 

The rate of evaporation at a pressure of the order of loo microns is expected 
to be slower than that at the region of molecular flow' which is reached at a 
pressure of o.j micron or less, ?.</., man. Hg. 

The general equation representing the flow of gas is given by 

T=(ai^'+b) (i + Ci/))/(t + 

wtee T representsQ/(/^i-jf?a), the amount of gas exhausted per unit of tiiye and 
y^ = the mean pressure, —{Pi'^p2)h where Pi and Pa are the pressures 
(lyoeb, 3 929) at the tw^o extremetics of the evacuated vessel, and a, 6, Ci and are 
constants. In the region of molecular flow the equation reduces to T” band 
collisons between molecules are negligible in comparison with those between the 
molecules and the walls of the vessel. If we consider that acts as a ' perfect 
sink ' for molecules of water, then a steady state must be attained when no further 
loss ill weight ot the substance can take ifface and the .product thus obtained 
may be taken to represent the standard stale of desiccation (Table II, column 2). 
The dried product was found to be soluble in water but no further exaniinalion 
of the product was made. It is also apparent that quicker desiccation has been 
achieved by using vacuum which falls in the region of molecular flow. 

Our thanks are due to Dr. J. B. (Irani, Director of All-ljjdia Institute of 
Hygiene and Public Health, for the sample of dried plasma which was jeiit for 
the determination of its residual moisture, 

Couoin RKSliAWCH LABOHAtORY, 

UnIVKRSITY CuLUvilU OR SCIKNCR AND YltCHNOtOOV, 

CAtertTTA. 
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EFFECT OF SAND ON THE VISCOSITY, YIELD VALUE 
AND THIXOTROPIC GELATION OF MUD SUSPENSIONS 

By J. N. MUKHERJEE 

AND 

B. R. MAJUMDAR 

tKcCi'iiU'd jot I'liblicaijon, Miiy jj, iqh) 

Mud is uow-a-days used as tlic lubricatioiig Iluid for llie rotary drilling of 
oil-wells. Properties oi mud and clay suspensions are of interest to several 
other industries, c.g., ceramics. 'J'his work was undertaken to inve.stigate the 
lU'obable causes of stuck drill pii>cs in oil-wells. The effect of the .sand concen- 
tration in modifying the viscous properties and thixotropy of drilling mud has 
been studied. 


li X ]* E R I M E N T A L 

A. Preparation oj mini suspension . — Powai clay from Digboi was used. 
A very stable suspension could be prepared from this sample by simply 
suspending it in water and a fairly thick suspension having thixotropic inoperty 
had a weight of 78 lbs. per cubic ft, and a pH of 4.85 ^determined by glass 
electrode). This susi'eusion will be called PC-Li henceforth. 

B. Sampling of sand . — The following two grades of sand having different 
grain sizes were collected by sieving a sample of ordinary sand through standard 
sieves : 

Grade I. — Passing through 48-mesh sieve but retained by loo-inesh sieve. 

Grade II. — Passing through loo-mesh sieve. 

These two grades of .sand were incorporated into mud suspension PC^Lt 
to increase the sand concentration in it. 

C. Appparaius used and e.xperimenial detail . — Storinei Viscometer (Bark, 
T931) was found to be very suitable for measuring viscosities, relative yield values 
and the rate of thixotropic gelation. Viscosities were determined as follows : 
Weights required for the movement of the inner cylinder of the viscometer at 
600 r.p.ni. w^ere noted and the corresponding viscosities calculated from the 
vyeight-viscosity curve of standard liquids. 

The thixotropic gel strength of the mud suspension was followed by measur- 
ing the speed of the inner cylinder of the viscometer after different intervals of 
rest given to a freshly formed suspension. 

\ The water filtration tests were carried out in a Joues-Babson tester. Such 
measurements reveal the wall-building properties of mud suspensions and this 
is an essential factor in characterising oil-well drilling mud. 
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RESULTS AN n DISCI) vSSION 

The results of chemical (Wright, 1934a) and mechanical (Wright, 1943b) 
analyses of the original sample are given below : 

Tahle I 


Chemical Analysis 

1 Mcciiani(^I Analvtsis 

Moisture 

I/tvss on ignition. 
Silica 

1^6203 

AI 2 O 3 

CaO 

MgO 

... 

4 - 33 % 

19 58% 
50.49% 
4.13% 
19.58% 
1.31% 
0.55% 

Clay 

Silt 

Sand 

Ivuss on solution ... 

39.38% 

15.32% 

34-99% 

3.44% 


Viscosities of mud suspension containing varying amounts of sand are given 
in Tabic 2. 


Taiu,k 2 


Sample 

Grade I sand 

Grade TI sand 

rc-Li 

30.0 

c.p. 


30. 0 c-.p. 

PC— Li-fi 7 o .'iaiid 

33.5 

f 1 


34.50 .. ' 

PC-Li-|- 3 % „ 

34.0 

• 9 


34.50 ,, 

rc-Li-f 3 % 

32.0 

> » 


32.35 .. 

PC-Li+ 4 % 0 

30.0 

f f 


34.50 .. 

PC-Li+ 5 % 

3^0 

9 1 


45.00 ,, 



Pig. I 





5 


E^ect of Sand on the l^tscosMy, Yield Valuer etc. 

With Grade I sand, there is no marked variation in the viscosity, but vvith 
Grade II sand, the viscosity of the sample whose sand concentration has been 
increased by 5%, is much higher than that of the other samples. 

From the curves shown in Figs, i and 2, it appears that the thixotropic 
gel strength at first decreuvSes with increase of sand concentration and above 3% 
of additional sand concentration, it again increases. The relation holds good for 
(trade I and Grade II sands. The relative yield values of the mud suspension as 
indicated by the same curves in Figs. 1 and 2 also vary with sand concentration. 



Fir.. 2 



I'errentage of sand added 

Fig. 3 

Water filtration tests show that (cumulative volume of water in c.c.) 
after i hour at first increases and above 3% additional sand concentration it 
dec 4 'eascg (Fig. 3). From the above results it may be concluded that there 
exists a critical sand concentration for this mud suspension, above which thixo- 
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tropic property, tlie relative yield value, V„ of the mud suspension are modified, 
This observation throws sotnc light on probable causes of sticking of drill pipe. 

I'hc relative permeability ofc sheaths formed from samples containing Grade II 
sand is higher than that formed from sample containing Grade I sand. 

The moisture content of sheaths formed was also determined. The results 
are shown below : 


Taulk 3 



Sample 

Grade 
Total solid 

1 % 

I sand 

Moisture 

7 o 

Grade TI saiid 

> Total solid Moisture 

1 % 7 o 


VC-Li 

5 «/>i 

■P -39 

i 

i 5iS,6i 

41-30 

0 

PC-Li-f F.V, Saiitl 

(Jo 4 in 

.W. 5 « 

^ 5 g .sS 

1 

40.02 

3 

rc-i,i+ .!% ,, 

-- 


i ^^> 0-47 

39 ..S 3 


PC-T,fl i'A 

1 

60.71 

•to -30 

1 

61.31 

3 fi- 8 g 

5 

1-C-J,i+ 4% 

61.41 

.1S.50 

61.81 

38 18 

6 

K'-Li-I- 5';^. ,, 

61 .50 

•^8,50 

62.19 

a 37 - 8 i 

7 

PC-Li-t- 7'V'. .. ' 

62.10 

.■' 7-00 


— 

10 

PC- 1,1+10% .. 


37-41 

— 

— 


The moisture content at sticky point (Wright, 193,1c) of original mud = 28.52%. 
Table 3 shows that the moisture content of the sheaths formed from the nurd 
suspension containing varying amounts of sand is higher than this value. 
Actually, all the sheaths were sticky. 

CoT.i.ofo Rkskauch IvAdoka'i'okv, 

r.MVKIl^lTV Coi.^rcii OK SCIENCI' 

AND Cakcmitta, 

K F K K Ji) N C K s 

lUirt , iT/W/ Viscouicli \\ 1931 Fd , p. ^35 

VVriglil, Soil Analysis, 193.] F< 1 ., p. 153 

Wright. io3<lb, IhfiL, p 
Wright, ihid,, p, ;;o. 
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ON THE FLUORESCENCE OF ANTHRACENE IN 
PRESENCE OF NAPHTHACENE 

By S. C. GANGUL\' 


It is known that pure naphthaceiic oryslal 



fluoresces 


very feebly, and in dilute solid solution of anthracene 




, till! crystal 


fluoresces with its characteristic yellow-green light, but the blue fluorescence 
of jiitliracene is (jueuchod, J his plieiionictioii is represented as follows; lu 
dilute solid solution the anthracene iiiolccnles easily absorb light energy and 
releases an ‘ excilion ’ which cxcition causes naphthacene to fluoresce. Not only 

_/ also vv£ 


in anthracene, but in chrysene /■ ^ 


ve And solid 


iiapthaccne to fluoresce, only there is little bhifling of the fluorescence bands, the 
shifting depending on the substance with v\hich it is mixed. In consideration 
of above facts, study of fluorescence spectra in alcoholic solution of antliraceue, 
naphthacene and the mixture of the above two, is interesting. In alcoholic 
solution aulhraceuc has got four fluorescence bands (excited by 3650, 4046 of Hg 
arc), uaphtacenc has three fluorescence bands on the redside of the fluorescence 
bands of anthracene and the mixture has both the fluorescence of anthracene 
and najflrtliaceue. Three solutions are prepared, one of pure anthracene, the 
other of pure naphthacene and the third is tlie mixture of the above two. 
The mrniber of gram-molecules per c.c. of anthracene and of naphthacene in 
the mixture are identical with those for pure siibstauces taken separately; 
Exposures are given for the same time and under identical conditions. It is 
observed that the intensity of fluore.scence bands of anthracene is not ohauged at 
all due* to the presence of naphthacene. The intensity of fluore.scencc of nap- 
thacene also due to the presence of anthracene is not increased. Absorption, 
spectra of the above three solutions confirm the results. 


Indian Association i'ok tub Citi.tivation 

Olf SCIliNCIf, 

210, BOWHAZAR STlUiftT, CAI.Clt'm. 
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MAGNETIC STUDIES ON PERMANGANATES 

By a. MOOKHERJEE 

The principal susceptibilities of KMn()4 and Ba(MnO,i)a crystals have been 
measured by the method of Krisluian and his collaborators. The anisotropy in 
in case of KM nO„ is .07 and the effective magnetic moment = 0,5 Bohr tnag- 
neton-s. The anisotropy is correlated with the known fine structure of the crystal 
in the following manner. 

Krishnan and lire present writer have shown that anisotropy of paramag- 
netic crystals arises from certain paramagnetic units. Those units are constitut- 
ed as follow.s : each paramagnetic ion in the crystal is under the influence 
of the electric field of its neighbours. The magnitude and assymmetry of this 
field is determined by the positions of the atoms immediately surrounding the 
paramagnetic ion. If this field is assymmetric the crystal will exhibit magnetic 
anisotropy. In general there will he more than one such group in the unit cell 
of the crystal. So the crystal anisotropy is determined hy the anisotropy of 
these units and their orientations relative to one another. 

In (KM nOj crystal (MuOj group is the paramagnetic unit. Froi^ the 
fine structure study of KMnO^ crystals by Mooney it appears that in MnO^ 
group the four oxygen atoms are disposed more or less symmetrically about 
the manganese atom, being situated at the corners of a tetrahedron with manganese 
at the centre. T'he manganese to oxygen distances are : two o.xygcii atoms at 
I ’58 one oxygen at 1.68 X and one at i 52 X. So the tetrahedron of oxygens 
is not a regular one and the crystalline electric field will deviate from cubic 
symmetry ; the result is that the Mn()4 group will exhibit anisotropy. 

On seeking the explanation of the feeble paramagnetism by Pauling’s 
method of directed electron pair bonds one finds that in the.se compounds 
bonds sliould result which make them diamagnetic but measurements 
show that they are feebly paramagnetic. This feeble paramagnetism can be 
explained by Van VIeck’s electric field theory as follows. 

The electric field surrounding the paramagnetic ion in this case is taken 
so strong that Russell Saunder’s coupling betw’een the different electrons in the 
ions is broken. According to Van Vleck the Stark pattern of electron 
consists of two levels when the symmetry of the field is cubic. Since in KMn04 
crystals the crystalline electrical field deviates from cubic symmetry, one of them 
will further split into two and the other into three levels. This splitting exceeds 
3x10^ cm"’ in order to uncouple the individual's’. According to Gor ter the 
group of two levels will be lowest as the arrangement about Mn in MnO* 
i.s tetrahedral, The deepest state will then be obtained by assigning the four 
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electrons responsible for paramagnetism in these two levels. All the electrons 
will then double up and there will be no spin free liecausc of Pauli’s exclusion 
principle and hence spin will contribute nothing to paramagnetism . So the only 
contribution to paramagnetism will be from the high frequency part of the 
orbital moment. Howard has shown that in ca.se of KaFe(CN)e the high 
frequency orbital contribution to paramagnetism is about 0.5 Bohr magneton. 
In case of Mu'" complex it is 0.5 Bohr magneton, which agrees satisfactorily 
with our experimental re.sults for the permanganates. 

It is interesting to note that the two lowermost levels are equally populat- 
ed and hence anisotropy .should be small in agreement n ith experimental facts. 


rNDIAN ASIOCIATION FOH THIi 
CiruiVATlON OK SciKNCK 
a til, TlOWn.\ZAll STRKIir, CaKCUTTA. 
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ON WHISTLING METEORS 


By S. R. KHASTGIR 


{Received for piibUcaliou, July -7, 


ABSTRACT. Very weak whistles, „.si, ally 0/ rnpitlly <lecreasiiiK pitch vvm- observed at 
the Dclhircceiving centre of the .Ml India Radio, located at a distance of to nnle.s funn the 
Ininsinitter.s, when the receiver wa.s timid totlie cairicr wave.s from one of the tiansniittei-B. 
These were explained by the A.l.R. investigators as due to .a Doppler change in the freiiuency 
of the carrier waves .scattered from a rnpidli moving ioiii/cd nui.ss of air at the head of a meteor 
entciing the caith s atHKssphcre, and to con.scruu-nt heterodyning of these waves w ith the 


gionnd waves of unmodified frctjiiency. .\ review tif the c.xperinicntal results in connection with 
thc.se whistle, s is given in the paper. .The Doppler eliect theory to explain these whistles 
i.salso critically examined. The .striking similarity of these whi, sties with the whi.stling tones 
ohseived by Barkhausen, lieker-slcy, and lliirton lloardnum in audio-fiC(|uem'y amplifiers 
with large aerials, is pointed out, as suggesting a common origin foi both. Accepting Kc- 
kersley's theory of the ‘ whi.stler,' the possibility of the can ii r w avis .scattered from the 
iono.splurc being modulated liy tin Fourier components of such an electrical impulse is 
•suggested. The components cf the higher fnaiucnciis travel faster in the ioiusspheric 
medium, so that the modulation frc(|uency is a function of time. The receiver tuned to the 
carrier would therefore reproduce a note, the pitch of whi< h uould aliu be u function of time. 
Accordingly the whistling tones, uncoimcctcd with meteor, s, would al.so be heard by the 
.scattered waves. It i.s just possible tliat at lea.st .some of the whistle, s observed at Delhi were 
of this origin, 

In view of the observed coiiicideiiee between the apiwniaiu'c of melcot.^ and the .so-called 
Diippler whistles, it is tentatively .sufiposed that an ekctiienl iniimlse can be produced by the 
stoppage of meteor in the ionosphere. The modulation of the seattered waves by the various 
components of tbi.s impulse would then be able to produc e a wijistle. 


The ob.served dependence of the pilcli of the whistle 011 Hie fre((uency of the i arritr w'avcs 
is also expected according to tbi.s view'. 

A few’ tc.st cxpcriracnls are suggested. 


A D b P P L K R E P P' E C T PRODUCED BY METEORS 

Recently certain interesting observations were made by Chamanlal and 
Venkataraman (1041) at the Delhi receiving centre of the All-India Radio, located 
at a distance of 10 miles from the Delhi short wave transmitters. During these 
observations, when a receiver was tuned to the cairier waves f 10m one of the 
transmitters, weak whistles of an unusual character were audible under certain 
circumstanceSt, The whistles appeared as high-pitched notes which rapidly 
descended in pitch. They were of short duration, varying from about one-fifth 
of a second to several seconds and occurred at random lime intervals. They were 
most frequent in the early hours of the morning and were infrequently heard 
during the day time. During the early morning they were found to iuereas? 
greatly in number and intensity. 
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The observed whistles were explained by the A.LR. investigators as due to 
a Doppler change in the frequency of the weak carrier waves scattered from a 
rapidly moving ionized mass of air at the head of a meteor entering the earth 
atmosphere and to consequent heterodyning of these waves with those reaching 
the receiving centre as ground waves of unmodified frequency. As the meteor 
rushing with some high speed through the upper atmosphere gradually slows 
down, there would evidently be a gradual decrea>se in the frequency change of 
the waves scattered from the head of the meteor. The scattered waves on inter- 
fering with the ground waves would then give rise to a heterodyne whistle of 
gradually descending pitch- From a knowledge of the initial beat-frequency due 
to this interference, the velocity of the meteor can be calculated from 

A/ sas where is the beat-frequency, 

c 

/ the carrier frequency, t the velocity of the ionized mass of air at the head of the 
meteor and c the velocity of light. Assuming a beat-frequency of sKc/s for a 
carrier frequency of 7 Mc/s, the calculated velocity would be 64 Km./s. This 
could be taken as of the same order as the maximum velocity of the meteors 
directly observed. 

IC V T I) E N C K S T N SUPPORT OF T H E 1) ‘6 P P U E R 
E F F E C T T IT K O R Y 

In support of the Dopplereffect theory the following fads can be adduced : 

(1) The appearance of a meteor in the sky coincided with a whistle produced 
in the receiver. 

(2) The number of whistles observed was at a maximum in the early morn- 
ing, wlieii the number and velocity of meteors entering the earth's atmosphere 
are greatest. 

(3) No such whistle was heard with medium radio-frequency carrier waves. 
With such low frequency, the intensity of the scattered waves is feeble and the 
Doppler change is also considerably small. 

The following two experimental results of the A.l.R. investigators can also 
lie cited : 

(i) The whistle heard on a carrier of 7.5 Mc/s commenced --with an initial 
frequency about half that of the whistle heard on 15 Mc/s, The experiment was 
carried out by operating one transmitter near 15 Mc/s and a second transmitter 
near 7 Mc/s and connecting the output of the two receivers tuned separately to 
these frequencies to two loudspeakers or headphones, each being connected to 
each receiver. It was found that the whistles were first heard on the loudspeaker 
connected to the receiver tuned to the lower frequency and as these whistles 
descended in pitch, a whistle of higher pitch was heard on the other loudspeaker 
connected to the receiver tuned to the higher frequency. The observation of a 
higher pitch on the receiver tuned to the higher frequency was expected from thf 
DOppler effect hypothesis- 
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(2) One of the Delhi liansuiitters was tuned to approximately 7 Mc/s radiat- 
ing the carrier wave and a second transmitter was operated as a pulse transmitter 
on a slightly diflerent frequency. In the majority of cases it wavS found that the 
entry of a meteor into the earth’s upper atmosphere, as made evident by the 
whistle, was followed by a return from the ionosphere, as observed on a 
cathode-ray oscillograph. 

Some special cases were also noted by the observers. While in the majority 
of cases the whistle was of descending pitch, in some cases, v\'histles were 
obtained with an ascending pitch. In a limited number of observations again, 
the whistle conimcncod with a descending pitch, passed through zero frequency 
and rose again in pitch- These special cases were explained as due to the relative 
velocity of the meteor at the receiving point having a component towards or 
away from the receiver. 

REMARKS ON THE POSSIBILITY O }f DETECTING 

DOPPLER EFI'ECT UNDER THE CIRCUMSTANCES 

It is well known that there are ‘ patchy ’ ionized regions in the ionosphere 
which cause scattering of the electromagnetic waves when they are incident on 
them. The whistle which was observed beyond the range of the ground wave by 
the A. I. R. investigators was considered by them to be air effect of interference 
between scattered waves from the ionosphere and the waves returned from the 
ionized mass of air at the head of a meteor. If a perceptible amount of iono- 
spheric scattering is recognised, it is evident that the waves returned from the 
head of the meteor w'ould only be a small fraction of the total scattered radiation 
reaching the receiver. The scattered waves from the ionosphere and also the 
ground wave have the same frequency as the carrier waves from the transmitter. 
These waves on interfering with relatively feeble radiation of modified frequency, 
scattered from the ionized mass of air at the head of a moving meteor, would 
hardly be able to produce a discernible beat-note. The heterodyne whistle may 
not therefore be heard under the circumstances. This is indeed a strong argu- 
ment against the view that the observed whistles are due to Doppler effect. 
For a definite assertion on the point, it is however necessary to calculate, if pos- 
sible, the amount of scattered radiation from the ionized mass of air which is 
formed at the head of a shooting star, relative to the radiation scattered from the 
ionosphere. 

SIMILARITY OF THE OBSERVED W 11 1 .S T L E S WITH 
SOME AUDIO-FREQUENCY MUSICAL ATMOSPHERICS 

It has been known for many years now that when a telephone or any audio- 
frequency amplifying' device is placed directly in series with a large aerial, distur- 
bances of a musical nature can be heard. It was Barkhausen (1919) who first 
described observations made during the last world war on whistling tones in a 
low frequency amplifier, the frequency of which decreased very rapidly from a 
high to a low value. Later T. L. Eckersley (1926-1927 and 1928) made some 
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investigations on these musical atmospherics. He divided them into two classes, 
the short and the long whistlers. Both these whistlers w^ere characterised by the 
fact that the disturbance started with a high pitch which dropped rapidly in the 
first class and slowly in the second class to a note of low pitch. The duration of 
a short whistler was sometimes one-fifth of a second. The long whistler was as 
long as 3 seconds. 

In Burton and Boardniau ’s (1933) investigations on audio-frequency atnios' 
phciics there were two distinct varieties of musical atmospherics which were given 
the onomatopoeic names, ‘t week’ and ‘swish.’ A tweek consisted of a damped 
oscillation trailing a static impulse. It started above 2000 cycles and reduced very 
rapidly towards a lower limiting frequency. Its audible duration was less than 
one-eighth of a second. The t weeks were not usually observed during the day 
lime, except near sunrise and sunset. Some data of tweek counts showed a very 
high value, some minutes before the ground sunrise- It was also found that the 
tweek number was considerably high during the summer and low during the 
winter. 'Flie swishes were also musical sounds — the frc(jnency sometimes going 
downward and at other times upward. At times upward and downward progres- 
sions were observed simultaneously. The swishes were audible from I sec. to 
4 sec., covering a frequency rauge from w'cll below 800 to above 4000 cycle.s. 
The swishes appeared to have no connection with the time of the day and the 
time of the year or with local weather conditions. 'J'hcy were found to persist 
steadily through the early morning, bridging the transition period wheif the 
more common forms of atmospherics were found to fall off rapidly in number and 
intensity. According to Burton and Boardniau, Jtckerslsy observed both tweeks 
and swishes which were not liow'cver recognised by him as distinct varieties. 

Whatever be the mechanism of production of these whistling tones, the simi- 
larity of these whistles with the whistles observed by the A. 1. R. investigators 
is indeed striking. The latter observed a considerably large number of whistles 
in the early morning. 'I'lie tweeks w'cre also observed in large number during 
that period. ( )ne wonders wdiether the two phenomena arc fundamentally the 
same or similar ! Due suggestion would be that the carrier waves were modu- 
lated in some way by the audio-frequency atmospherics which could then be 
heard in the receiver tuned to the frequency of the carrier waves. 

ULRCTKICAI, TMPUkvSK PRODUCED BY A ME'l'EOR IN 
THE ION O S P 11 E R E— A TEN 'T A T I V E S U C G E S T 1 O N 

Chamanlal and Venkatarainau observed coincidence between the appearance 
of meteors and their observed whistles. If these whistles have any connection 
with the musical atmospherics, we would expect a correlation between the appear- 
ance of meteors and these musical atmospherics. In the few observations made 
by Burton and Boardmau during two nights, there was no such correlation. 

It can however be reasonably conjectured that an electrical impulse can be 
produced by the stoppage of meteors in the ionosphere. In that case, it is possible 
to explain the so-called Doppler whistles in a manner which is described in the 
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next section. It should be noted that there is no experimental evidence of any 
electrical impulse being produced by meteors in the upper atmosphere. This 
suggestion means that there can be a kind of audio-frequency atmospherics which 
is distinct from the usual variety in its mode of production. 

M O I> [J L A T r O N 0 F T H K C A R K I K R WAVES 11 Y T II E 
B E E C T R I C A L I M P tJ E S B 1* R 0 D TJ C K D U Y A 
M B T K O R IN T HE IONOSPHERE 

Kckersley formulated a theory based on ionospheric dispersion to explain the 
whistlers. Barkhausen (rq^o) offered two explanations-- one based on multiple 
reflection between the earth and the ionosphere, and the other somewhat similar 
to Kckersley 's view. Since the disper.sive action of the ionosi)herc has the effect 
of transmitting different frequencies with different velocities, the various Fourier 
components into which an impulse is broken up, will then be drawn out into a 
musical note of rapidly decreasing frequency. Tlie rate of variation with fre- 
quency would evidently depend on the amount of dispersion in the ionosphere. 

I'he lowest pitch of the whistle, as shown by Kcker.slcy, would be determined 
by 

« 0 

jrm 

where N = number of electrons per c.c. and c and m are charge and mass of au 
electron. 

Supposing now that an clec'trical impulse is produced by a meteor when it 
stops in the ionosphere, it is evident that its various frequency components would 
reach the lower fringe of the layer, one after another, in quick succession, the 
short wave-length.s arriving earlier than the long wave-lengths. Thus the carrier 
waves which are scattered from the ionosphere in the same region would be 
modulated by the audio-frequency oscillations — the modulation frequency being a 
function of time. The receiver tuned to the carrier would then reproduce a note 
of rapidly descending pitch. 

If this view is correct, vve would also expect audio-frequency atmospherics 
unconnected with meteors to produce a similar modulation of the carrier waves. 
Tweeks and swishes can therefore be heard by the scattered waves as modulated by 
these impulses in the manner already described. It is just possible that at least 
some of the whistles observed at Delhi were of this origin. Tweeks and some of 
the swishes are known to be of the descending pitch ; some swishe.s again, are of 
the ascending pitch ; while a few swishes are of a mixed type. It is interesting 
that all these types of whistles were reported by the A. I. R. investigators. It 
se^ms probable that the whistles of the ascending pitch observed by these investi- 
gator^ are definitely unconnected with meteors. It is not, however, possible to 
explain these whistles. as due to modulation of the carrier by the electrical impulse 
produced by the stoppage of meteors in the ionosphere. 
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It may be argued here that according to the suggested modulation theory, we 
wfrtild expect cross-modulation between different transmitting stations. Tiic 
possibility of such ‘ Luxemlwurg effect ’ is however very remote. For a parti- 
cular receiving centre, it is evident that the received sky-uaves originally coming 
from the different transmitters would, in general, be reflected from widely 
sepa.lited regions of the ionosphere. 

The dependence of the pitch of the whistle on the frequency of the carrier 
waves is also to be expected according to the modulation theory. We are con- 
cerned here with frequencies higher than the critical frequency for ionospheric 
reflection. W'ithin this limit, the higher frequencies would penetrate the ionized 
layer without much refraction, whereas the lower frequencie.s would do the same 
suffering a relatively larger refraction. Consequently, corre.sponding to any angle ' 
of incidence, the track of the transmitted wave in the ionosphere would be at a 
higher level for a carrier wave of higher frequency than the corresponding track \ 
for a lower frequency. For the lower strata of the ionized layer, the electron ' 
concentration is higher at a higher level and since accoiding to Eckersley, the 
lowest pitch of the whistle i.s proportional to the square root of the electron 
concentration, it is only reasonable to expect that the pitch of the whistle heard 
with higher frequency would be higher than that ol)tained with lower frequency 
carrier. 

It should be noted that according to the modulation theory suggested in the 
paper, there would be side-bands on Iwlh sides of the carrier, for any electrical 
impulse modulating the latter. On the other hand, according to Charaanlal and 
Venkataramau’s Doppler effect theory, the observed whistle would be either on 
the higher frequency side of the carrier in the case of an approaching meteor, oi 
on the lower frequency side in the case of a receding meteor. For any particular 
variety of the whistle, it is indeed difficult to test whether or not another side 
baud exists simultaneously on the other side of the carrier. Taking the frequency 
of the whistle to be 3 Kc/s or of that order, it appears also doubtful whether such 
small frequency changes would be discernible in the region of such high 
frequency, even with a receiver of high selectivity. 

SUGGESTIONvS OF SOME TEST EXPEKIMENTS 

(a) Along with the receiver, if we have an audio-frequency amplifying 
system of high gain and high fidelity connected to a large aerial, it would be 
interesting to see whether both apparatus would give whistles of the same type. 
According to the suggested mojdulation theory, when the carrier waves of suitable 
frequency are sent up, the whistles, when produced, would be heard in both the 
nfl gpg. When the transmitter is off, the receiving set would fail to respond, 
whereas the audio-frequency amplifier would respond to the audio-frequency 
atmospherics. 

(b) The return of the waves, as evidenced visually in the pulse experiments 
on the oscillographic screen, merely shows an increase in the electron concentra- 
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tion, when a meteor enters the ionosphere. Even when there arc no meteors, and 
there is no indication of any return of the pulse, the audio-frequency amplifying 
system mentioned in (a) would respond to the audio-frequency atmospherics. 
When the tweeks and swishes are heard, it would be interesting to see whether 
these are also heard in the radio receiver, when a carrier wave of suitable 
frequency is sent up. 

(c) Two receivers, one connected with a loop aerial or any suitable aerial and 
the other worked with a ground wave suppression aerial system and both tuned to 
the frequency of the carrier waves can be employed for listening to the whistles. 
If the whistle is really a heterodyne whistle due to interference between the ground 
wave and the waves of modiiied frequency scattered from the ionized mass of air 
at the head of a meteor, the receiver connected with the ground wave suppression 
aerial sy-stem would give no whistle, even though the meteors are visible. With 
the other receiver, however, the whistles would be heard. There is of course the 
possibility of a heterodyne whistle being produced by the interference between 
the waves scattered from the ionosphere and the waves returned from the head of 
a meteor, even when the ground waves are absent. 

(d) Simullaueous appearance of a meteor and a whistle needs however a 
more convincing evidence. 

It is desirable that a fuller investigation on the subject along the lines sug- 
gested in this paper should be carried out. If the Doppler effect explanation of 
the whistles observed by the A.I.R. investigators, is fully substantiated, this 
would indeed be the firsl evidence of a Doppler change of frequency in the case of 
wireless waves. Such experimental evidence has, however, been recently 
obtained by Sir Edward Appleton (1943) in connection with his simple method of 
demonstrating the circular polarization of ionospherically reflected radio waves. 
During the sunrise period (or the sunset period), when the height of ionospheric 
reflection is slowly decreasing (or increasing), the frequency of the ionospheri- 
cally reflected waves would be slightly higher (or lower) than that of the ground 
waves due to Doppler effect. The ionospherically reflected waves and the ground 
waves, when received simultaneously in a loop aerial, would thus produce beats, 
causing variation in the output from the aerial. Regular fading has actually 
been observed during the sunrise and sunset periods, 

Physics Disparimhnt, 

Dacca University., 
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DEVELOPMENT OF 8 AND y BANDS OF NITRIC OXIDE 
IN ACTIVE NITROGEN AND LYMAN BANDS IN 
HELIUM-NITROGEN MIXTURE 

By B, M. ANAND 

iKcccIviui lor ptibliraHon , July 6, 

Plate V 

ABSTRACT. Tlio doublet .striieture of o-u, n-j, i,-j nnd 0-3 bands of ! system of iiitrii 
oxide as observed in ai'tlve nilrogoii liy a one metre normal incidciiee vaennni spcctrograpli 
is (Icscriberl. 

The vibrational struchire of 1,0 and 2,0 bands oi y system lias been measured. 

Tt is found lhal whereas S and 7 band systems nre promineiil'ly present , /3 bands of niliie 
oxiile lying 111 the vacuum region, are partieularb' nbseni in the afterglow of nitrogen under 
the conditions of the experiment. 

I/ymnn-Tlirgc-Hopfitdd bands of nitrogen have been de veloped in a mixture of helium 
and nitrogen. Three new liands of the .system— (6,13), to, 8) and ^4,0) are reported. 

The band spectrum of N( ) molecule consists of [i, y anti ^ sy.stems of band.s, 
which are easily developed in the afterglow of nitrogen containing oxygen as 
an impurity. The character of bands excited in active nitrogen is characteristic 
of a low temperature radiating source. The number of lines are few and the 
heads appear prominently and the v" progression corre.s])ondiiig to 'p' = o is 
particularly strong in emission. 

The 8 bands were first observed by Knauss (ujeS) in active nitrogen. Six 
emission band heads degraded towards the short wavelength side corresponding 
to single progression v"^o, i, 2, 3, 4, 5 rvere recorded by bim between A 
3320 and A 1913, with a one metre vacuum grating spectrograph, using oil coated 
plates and a slit widtli of 0,25 mm. The 0,0 band lying at A 1913 was indenti* 
fied as the one previously reported by Leifson (3926) at A 1910.6 as absorption 
band due to NO- Because of the large width of the slit andlhe use of the oil 
coated plates, the structure of these bands could not be observed. 

Later, Schmidt (1930) observed the doublet structure of these bands with 
large quartz spectrograph 12,, and analysed the rotational structure of 0-3, 0-4 
and 0-5 bands. His analysis showed that these bands correspond to 
{ transitions, the latter being the ground level. Each sub-level gave 
rise to two sub-heads corresponding to 1* and Q branches. The values of 0,0 
Q heads for each sub-level have been computed from this data, but no further 
attempt seems to have been made to photograph and measure the doublet 
structure of the 0-0 o-i, o-? and 0-5 band heads of this systeni lying in 
the vacuum region- 
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During the course of a work reported in this journal on active nitrogen in 
the Schumann region, the author obtained the first four bands of the progresBion 
I, 2, 3 , -d'^o very prominently in one of the spectrograms taken with a 
one metre normal incidence vacuum spectrograph. The doublet structure was 
distinct and the results of the measurements and the corrcsi)onding values of 
Knauss and Schmidt are given for comparison in Table I. 

Table 1 


A in vacuum of S bands of NO 


i;', 7 ^ 

rresciil values 

Intensity 

1 

1 Knauss values 

1 

vSchniidt valuvs 

u,0 


1910.2 ( 4 ) 





1913 s (3) 

1913 




3^14.6 (3) 



0,1 

!-}- 

1980.9 (5) 





1984.5 (3) 





1985.6 U) 

1987 


Or2 

Qi 

2056.0 (4) 





2059.8 ^2) 




Qs 

2061.3 (3) 

ao 63 


‘>|3 

f-b 

2135-^ 

1 

213 S -5 QI 



21-10.1 (2) 

1 



Oo 

2x41 4(3) 

j 2142 

Qz 


In Table II, wave numbers of the various heads are given. Tlie diflerences 
represent the separations of the vibrational levels in the initial electronic state. 

Table II 


V'* 

0 

1 

X 

2 

3 

I 

Head 

Transition 


53251 11869) 

50482 (1844) 

48638 (1817) 

46821 

Qi 

is-»nj 

0 

52260 (1869'! 

50391 (18431 

48548 (1821) 

46727 




52230 (1867) 

50363 ( 1843 ) 

48530 (1822) 

46698 

O2 



! < 3868 ) 

( 1843 ) 

(1820) 





The iDtosite .re relative visoal eettoates. The plate was raeaaurcJ en a 
Hilgete;mparatorai.tuiiberoftiniesaudU.e estimated error is not considered 
to |a^ more than o.i A. 
a“i455P-V 
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lu the same spectrogram a iiuml)er of bauds of y system of NO are present, 
plate V(o). This system has been thoroughly studied by a large number of 
workers- However, it appears from the Identification Tables of Molecular 
Si)ectra by Pearse and Gaydon that, for the bands of this system lying 
below A 2200, values corresponding to only one single head arc available. In 
this spectrogram the doublet structure is definitely brought out though the bands 
are diffuse- Consequently, readings approximately at tlie centre of each head 
could only be taken. 

In another spectrogram plate V (h) obtained by passing an uncondensed 
discharge in a mixture of helium and nitrogen, the vibrational structure of (i,o) 
and (2,0) bands of y system has come out very well. Table III gives the 
measured wave-lengtlis and the corresponding wave numbers of the various head^ 
of these bands along with the previous values as given in the Identification Tables' 
of Pearse and Gaydon (io4i) : 

Taw.e III 


j 


Intensity 


[ 




A in A 

visual 

V in cm.“ ' 

Head 

Transition 

Previous 

1 


csliiiiale j 




values 


k:047 0 

2 

! 

4S853 

Q' 

1 

1 

A* 2 -X®n. 



204S.3 

2 

48832 ' 

Vi 

i 








2060 


3052.3 

1 

4872S 


A* 2 i-x®n, 

0 


2053-3 

I 

48702 

V2 




3148-5 

A 

46544 

Qt 

A'‘’ 2 -X*n. 


1 ,0 

2149-.5 

4 

46522 

Pi 

V 


2154.0 

2 

46426 

Q2 

A^s-x^n, 

2156 



21.55-3 

2 

46397 

P2 




This plate shows prominently the well-known band system of nitrogen 
molecule lying in the vacuum ultra-violet and first observed by Schumann (1903). 
A large number of these bands degraded to the red and lying between 
A1300-A1900 were measured by Lyman (1911). Birge and Hopficld (1928) 
obtained this system of bands both in absorption and emission. As a result of 
theif vibrational analysis this system was found to be due to a transition, 

the latter electronic state being the ground level X of the neutral nitrogen 
molecule. In all their experiments purified nitrogen, i.e. commercial nitrogen 
passed over heated copper aW a pressure which never exceeded 0.002 mm. was 
used. 'I'lie most prominent impurity in these spectra was that of nitric oxide 
(NO). Subsequently, nitrogen was obtained by exploding sodium oxide when CO, 
Ha and NO appeared as impurities. 

In the present experiment pure helium at a pressure of 8 m.in. was mixed 
with 1% nitrogen in a Pyrex glass discharge tube 140 cm. long, 2.2 cm. in 
diameter, fitted with three aluminium electrodes A, B and C. The tube was 
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sealed end-on without any window to the oue-inetre normal incidenec vacuum 
specti'ograph. A schematic diagram of the apparatus is shown in Fig, i. 



Two four-stage luereury diffusion pumps maintained a difference of pressure 
hetween the discharge tube and the spectrergraph. Ihc picssuie in the discharge 
tube was about 8 inin. while in the speclrogiaph it was about .or mm. Six 
liquid air traps kept the discharge free from mercury and other impurities. An 
electrically heated quartz tube containing Cut) eliminated hydrogen. A two-litre 
reservoir R in the main stream kept the pres.sure in the tube steady. The other 
parts are self-explanatory. For excitation of the discharge the scccnidary of a 
rS.ooo volts, 450 watts transformer was connected to the terminals A and C of 
the discharge tube. The exposure time was one hour on a vSehumann plate 
prepared in the Laboratory from photographic gelatine Batch 73-400 from Rastman 
Kodak Co. 

The following impurity lines were used as comparison standards : — 

1215.66 HI, 1403-63 NI, 1494-67 Nl- 
1743.73 NI, 1745.35 NI. 

The plate was measured a number of times on two comparators (HUgei and 
Carl Leiss) and the mean values obtained. The intensities arc the visual estimates 
on an arbitrary scale of o-io. Table IV gives the mean values compared Vi?ith the 
Birge-Hopfield values : 

The values given in brackets for 6-13, 0-8 and 4-0 band heads nie t ic 

computed values as calculated by Birge and Hopfield. 

Some of the interesting results brought out by these experiments may be 

noted as follows : . , 

(i) No attempt was .nsdelo gel NO tends. The eaimsore was given only 

to eat the emission spectram of the nittegen afterglow. A little trace of onygen 
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TABr,E IV 


Measured values ! Intensity 
of ^ in X 


Birge-Hopfield 

values 


Intensity i V'-V" 


20LI7.0 

n 

2007.4 

2 

3-11 

59895 

1 

1989-9 

1 

2-10 

1984-9 

I 

— 


— 

lySu.u 

1 

(3980.06) 


6-13 

1973 5 

1 

1973 1 1 

0 

1-9 

1962.4 

1 

1963-1 1 

I 

5-12 


j 

(1 95 . 5 -96) 1 


0-8 

1944-7 


* 944 - 5 ^ i 

4 

4 -ji 

1927.6 

2 ' 

T927-8 

4 

3 -H 3 

1910-9 

3 

TQ 3 1 .0 

4 

2-0 

1894,1,) 

2 

1894 3 

2 

1-8 

1870.7 

1 

3873.0 

4 

4 “Jo 

1853-9 

3 

1853-9 

4 

3-9 

1836.9 

4 

1-837-2 

5 

2-8 

1820.6 

4 

1820.8 

5 

1-7 

J804.5 

2 

i 8 o .').7 

3 

u-6 

1800. 1 

1 

(180.^.93) 


4-9 

1784.9 

T 

1784,6 

3 

.3-8 

1768.0 

4 

1768.1 ! 

6 

2-7 

1751-9 

5 

1751-9 1 

7 

i'6 

173U.0 

4 

1736.2 

5 

0-5 

1702.9 

2 

i 7 ‘’ 3-3 

4 

2-6 

3687.2 

fi 

1687.3 

9 

1-5 

1671 .7 

6 

3671.7 

8 

0-4 

»fi 57‘5 

1 

1657-7 

4 

3-^1 

1626.^ 

2 

1626.5 

6 

1-4 

161 1.4 

6 

16)1.3 

9 

0-3 

1600.3 

1 

1599-7 

4 

3 - 5 » 

1584.1 

2 

3584.4 

5 

2-4 

1576.3 

I 

1575.9 

3 


i 554'2 

6 

1554-3 

9 

0-2 

1529.6 


1529-9 

5 

2-3 

1515-*' 

3 

1515-25 

5 

1-2 

3500.7 

5 

15 ‘'>o .7 

7 

o-J 

1464 ,n 

6 

3464.1 

8 


145^1-3 

3 

1450.1 

5 

0-0 

1444-0 

2 

1444-3 

4 

3-2 

1429.7 

3 

1429-9 

6 

2-1 

1415-7 

4 

1415.9 

6 

l-o 

1412.3 

2 

1411.6 

5 

4-2 

13^3.7 

5 

1383 .8 

8 

2-0 

1953.5 

4 

1353 6 

8 

3-0 

1325-7 

3 

13^5.2 

6 

4-0 

1311-5 

3 

1312-3 

4 

6-1 

1298.9 

I 

129B.4 

5 

5-0 

1226.3 

T 

1226.6 


8-0 


as an impurity was therefore responsible for the formation of NO and the 


development of y and S systems of NO bands. 


(3) The doublet structure of 0,0, 0,1, 0,2, 0,3 bands has, so far as the 
author is aware, come out for .the first time. Each band consists of two definite 
heads Q,, with amean wave number difference of about 120 cm."' corresponding 
to the interval — ^ 11 ^' of the ground state. The shorter wave-length head 
corresponding to — ®-IIi transition forms the Qi head and "S — transition 
forms the Qg head. In all the bands the Qi head is stronger than the Qg head. 
Moreover, whereas the Qi head is followed by an unresolved rotational structure 
up to about A towards the violet side, the Qg head is much sharper and there 
H clear gap of about 30 cm.“' after which a fine structure starts towards the 
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shorter wave-length side. The central reading given in the tables I and 11 for 
each band corresponds to the long wave-length edge of this structure. 

(3) The doublet structure of 0-0, i-o, 2-0, 3-0, o-i, 0-2 aud 1-^ bauds of 
y system of NO could be roughly measured. Usually in active nitrogen the 
relative intensity of ft aud y bands is of the same order. The strongest bands 
of (i system, however, do not lie in the vacuum region. The 2-4 and 3-4 bands 
of /i system lying at about \ 2400 and 2430 were searched for in the spectrogram 
but there was not the faintest impression of these bands. In this case, the y bands 
were thus present exclusive of the bands in this region. Possibly if the partial 
pressure of oxygen and, therefore, of NO were increased, the /i bands would 
have made their appearance. tJne may draw the conclusion that under the 
conditions of the experiment, that is when the partial pressure of NO is extremely 
small, the maximum number of NO molecules arc in the C ‘^5 .state corresponding 
to the upper stHtc of S bauds, a smaller number of them in A state, the upper 
state of V bauds, but comparatively very much smaller number of molecules in 
the B ‘'*11 state particularly corresponding to the vibiational .states 2-4 and 3-4 
giving rise to the /I bands in the vacuum region. 

(.]) The vibrational structure of 1,0 and 2,0 bands of 7 system has been 
measured. Values for both the 1 ’ aud Q heads for the two sub-levels are given. 
The Q heads show a prominent unresolved rotational structure towards the shorter 
wave-length side. 

(s) Uyman-Birge lIo[)field bands have been developed in nitrogen 
containing excess of helium. Three new bauds observed at A 1980.2 (6,13}, 
1955.1 (0,8), and 1800.1 (4,9) are reported. In Birge and H('pfield speclTOgrauis 
bands such as 1-3, 2-5, 4-3, 4-8, 5-7, 5-10, 0-2, 6-4 and 6-9 were missing. The 
author was interested in finding emt if some of these missing bands could be 
developed in nitrogen-helium mixtures. This plate does not show any one of 
the above-mentioned missing bauds. 

1 take this opportunity of expressing my grateful thanks to Dr. P. K. Kichlu 
for many helpful discussions in the preparation of this paper. 
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ON THE EXPERIMENTAL STUDY OF THE EFFECT 
OF TRANSVERSE h.f. ELECTRIC FIELD ON 
THE VISCOSITY OF LIQUIDS* 

By B. N. SINGH 

AND 

SNEHAMOY CHOSE 

[Received for puhlication^ Sep i ember 7, iQ/^3) 

I 

ABSTRACT. The paper rout 1 he description of an apparatus dc sij^ued by the present 
authors to study the effect of higli-frequeiicy transverse elec tric field on the rate of flow of 
licj dels through narrow channels. The apparatus is .suitable for liquids having fairly low 
conductivity (of the firder of 10 mho or less! and for such liquids li.f. Helds of the order of 
several kilovolts/cm. can be applied. The freqiieney of the h.f. field may be kept at any 
suitable value. The autliors have u.sed fields of Iheordcr of eyeles/sec. Tiicidenlally th( 
authors have found that in case cd xylene (n mixture of oitiio-, para- and mtta-) no change 
in the rate of flow is recorded for fields up to 5 kilovolts eiii and even more. In c:asc of 
samples of amyl alcohol and ethyl ace tate used by authors fields up to 1 kilovolt /cm. could be 
applied and for this field no change in their rate of flow was noted. 

During' past few years a large nainl)er of experimental investigations have 
been made to study the effect of electric field on the viscosity of liquids. Such 
investigations have been made with electric fields whose direction is either 
perpendicular or parallel to that of the flow of liquids. Though the results 
obtained by various workers appear to be rather couilieting with each other there 
are a few points on which more or less a general agreement may be observed. In 
the case of non-polar liquids there is no aj*preciablc effect of either the longitudi- 
nal or transverse electric field. The longitudinal electric field does not appear to 
produce any effect even on polar liquids. The main controversy, therefore, centres 
round the different results obtained when the direction of the applied electric 
field is perpendicular to that of the flow of liquids. The recent experimental 
results of Menz (1939), Andrade (1940), and Prasad elal, (1941), however, 
reveal that even in this last case the effect is either negative or if positive 
appears to be influenced by the conductivity of the experimental liquids. 
But according to the results of Andrade conductivity as such is not the deter- 
mining factor, because liquids like benzene conduct without showing any effect. 
Andrade further suggests that in case of some polar liquids there is a formation 
of space charges at the electrodes and hence an abnormal anode and kathode 
fall. If this be the case, tlie field in the body of the liquid is much less than the 
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"apparent field ", namely the applied difference of potential divided by difference 
between the two electrodes. In view of these possible disturbances the true 
viscosity effect should be sought with alternating frequency sufficiently high to 
prevent space charges at the electrodes and sufficiently low to avoid effects diic 
to relaxation time. In the present paper an apparatus designed by the present 
authors has been described which is suitable for the experimental study of the 
effect of h.f, transverse electric field on the rate of flow of liquids having fairly 
low conductivity. 

The main body of the apparatus is made of fine steel slab with a central 
circular platform P (shown in fig. la) on its upper surface, which is silvered and 
finely polished. There is a central hole C in the platform which is connected; 
to the glass tube T through a brass U-tube fitted with a liquid light .stopper 
vS. 'riirce small thin pieces of mica DD (thickness of the order of .003 cm.) \ 
are kept over the polished platform. The inside of the central hole and that 
of the U-tube is also silvered. A circular brass plate B of thickness 6 nun., 
polished and silvered at its lower surface, is kept over the strips DD. In order 
to keep the strips well pre.s.sed, a heavy ring of lead L, is kei)t over the plate 
and made tight from above by three screws fitted in an upper circular plate N 
made of ebonite. 'I'he upper plate B is also provided with a handle A and 
terminal T,. The central circular platform has got a rim RR about 1 mm. high 
and an annular space M surrounding it. The inner diameter of the circular 
platform is 4.3 cm. and that of the upper plate is 3.7 cm. Thus v^fhcu the 
latter is placed over the former, between the perimeters of the tw'o there is a 
fair margin of about 3 mm. When the glass tube T is filled with a liquid, 
the latter forces up through the hole C, passes slowly through the narrow space 
between the platform and the other plate B, then trickles over the rim of the 
nlatform to the annular space and finally escapes through the opening 1(, which 
is also fitted W’ith a liquid-tight stopper K. The steel body of the app.aratus is 
provided with another terminal T.. and rests over a thick circular ebonite plate 
Q. The latter is supported by three firm rigid legs which are permanently fixed 
to a wooden base fitted with three levelling screws. The upper and lower 
ebonite plates are rigidly held together with three rods screwed to them. The 
glass tube T at its lower end is fitted with a rubber stopper over which a layer 
of mercury is kept to prevent the liquid from coming inm contact with the 
stopper. The electric field is applied between the two terminals T, and Tj of 
the apparatus by connecting it in parallel with the oscillating condenser of a 
radio-frequency oscillator, the range of oscillations in the present case being 10'’ 
cycles per sec. to 10' cycles*' per sec. (The connections are shown in fig. 2)- 
The h.f. voltage impressed between the two plates of the apparatus is measured 
by a .Moullin voltmeter. When the experimental liquid is poured into the glass 
tube (stopper K being closed), it flow’s through the U-tube and the central hole 
comes slowly through the narrow space between the plate end the platform and 
finally passes over the rim to the annular space. The level of liquid in the 
glass tube gradually comes down. The time required for the level of liquid to 
come from a particular mark say Y to another say Z may be noted with the help 
of a travelling telescope and a stop watch. It will be seen from the experimental 
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Fig. 2 

data given in table i, that the time of flow of liquid remains fairly constant^ 
the iiiaxinunn variations being not more lhati 3 seconds even wlien the time of 
flow exceeds 15 ininules. Provided the experimental liquid is pure, throughout 
the flow over such long periods, the h.f. voltage as incasiucd by Moubin volt- 
meter remains practically constant. The ca])acity of the condenser formed by 
the plate B and the platform P ib of the order of a few Imndjcds of and 

hence suital)le for introduction into h.f. oscillators of such frequencies which 
satisfy the condition of being sufficiently high to prevent vSpacc charges at the 
electrodes and sufficiently low to avoid effects due to relaxation time. In view 
of small separation between the plates, the effective value of the electric field 
acting on the liquid passing through the channel may l)e made considerable 
without the necessity of applying a field of a high order betVA^een the [dates. 
Fig. ih gives a general view of the apparatus. 

n X r 15 R I M K N T A Tv R K S U h T A N D C O N C Tv IJ S I O K 

In table i are given the experimental data for liquids xylene fa mixture of 
ortho-, para- and nieta-), amyl alcohol and ethyl acetate, 'riie experimental 
values for the conductivity of the same sanqfles of liquids as used tor flow are 
also given in the last column. 

The experimental data given in the above table clearly show that in the present 
apparatus the time of flow of the given liquid remains con-stant within three 
or four seconds even if the total time of flow extends ui) to 15 miiuUes or more* 
If the effect of the h.f. electric field is, therefore, to alter the rate of flow of a 
liquid even to a small extent it can be easily detected in the present arrangement. 
The only drawback in this design is that liquids not having a fairly low conduc- 
tivity cannot be used. But this defect will be perhaps inevitable in eveiy design. 
The fact that in the case of liquids having conductivity of the order of lo" mho 
fields up to 5 kv./cm. or even more can be obtained, shows that if after repeated 
distillations samples of liquids having a conductivity of a much less order he 
used, a much higher field may be applied and conclusive results obtained. 

From the results already obtained by the present authors it may seer, 
that the effect of the h.f. field on the viscosity of xylene (a mixture of ortho-, 

para- and mela-) is negative for the fields up to the order mentioned above. In 

this case fields of a much higher value were actually applied but could not be 

3-M55P-V 
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Table I 


Liquid 

Applied Held 

Frequency in 

Time of flow 

Time of flow 

1 Coiiductivltv 


vults/cm. 

cycles per sec. 

without field 

with field 

1 in (uibo) 

Xylene 

! 

^SUQO ! 

. 1 

1. 11 X I'J* 1 

617 sec. 

618 sec. 

6.7 K 10'* 


1 

t* 1 

0 I 

618 ,, 

619 .. 



1 

ft 

t * 1 

619 >. 

620 ,, 



20 Ci(f 

** i 

616 ,, 

618 „ 



1 • 

1 

*> 1 

618 „ 

8I7 M 



' ' 

1 

*» 1 

617 .. 

619 „ 




8.1 HIo'* ■ 

38s M 

386 



n 

• > 1 

386 

387 .. 



f • 

♦ 1 

387 „ 

3SS : , 



3000 

0 1 

.385 „ 

3K6 „ 



■ f 

1 

*' 1 

387 M 

.386 „ 



M 

i 1 ' 

388 „ 

.387 „ 



So> )o 

2.71) X Ik" I 

356 .. 

3 .s 6 .. 1 




1 

3 ,S 7 .. 

3 S 7 .• 




1 1 

35S „ 

3 .S 9 .. 



3OO1 » 

1 1 

.358 

. 35.3 .. 



• 1 

»» 

3 ,S 7 .. 

358 .. 



y * 

1 

» J 

35 ^ 

358 


Amyl ak'uliol 

TOi^o 

J.II X 1 1 

J d 8 o , 

]6Si ,, 

3.16 X nr 


ii 

» ) ; 

1681 ,, 

1682 



0 

> > 1 

1683 ,, 

1681 „ 


JJtliyl acetatr 

loot) 

1 

” 

9.38 ,, 

936 ,, 

2. . 15 xur" 


» » 

.. 

9.37 .. 

938 .. 




n 

93S ,, 

93S 

1 

1 


measured due to the aliseiice of a voltmeter of suitable range. P'or the samples of 
amyl alcohol and ethyl acetate used by the author.s h.f. lields only up to i Kv./cm. 
could be applied. It may be added that the voltage of the high frequency 
can be increased also by using a more powerful oscillating circuit. 

The authors express their thanks to Prof. {s. P. Prasad, B.A. (Cantab.) for 
the intcre.st he has taken in this work. They are also thankful to Principal Kamta 
Prasad, B.A. (Cantab.) for his useful suggestions. One of us (S. Gho.se) is also 
grateful to the Government of Behar for providing him with a scholarship. 
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RADIUM-CONTENT OF CEYLON THORIANITE* 

By P. K. SEN CHAUDHURY 

\Rercivrd for pnblicaliott, Scpl. 7, /y.;,’) 

ABSTRACT, A pliotron-uniplifit'r has hccu set up for the study of many interestiiip 
nuclear and radio-active phenomena. With this ampli/lci and ionisalion chamber, the radium 
content of a sample of Ceylon thorianite has been estimated liy the welJ-kmmn rray method 
of estimation, The amount of radium present approximately amounts to 5,54x10’" gms. per 
gm. of the mineral, 


INTRODUCTION 

An accurate estimation of radium pre.sent in minute tiaccs, in different 
minerals lias been already known to be of much commercial importance due to 
a large demand of this element in medical science and in making luminous 
paints. Besides that, estimation of radio-active elements and the cquiiil riuni 
aniount of their product elements in different minerals and rocks is of much 
theoretical interest to geophysicists. As only from such data we can calculate 
the age of the earth and trace the history of gradual evolution of different rocks 
aud mountains. 

The age of a rock or mineral is defined as the time elapsed since the begin- 
ning of solidification or cry, stall isation from the molten state. This time can he 
easily obtained from the experimentally determined ratio : 

Ac cumulated amount of disintegr ation produ ct element 
Rate of production of the product elemeut 

The pioduct element is either helium A\hich is nothing but the accumulated 
a-particles emitted by the successive disintegration products, or radiogenic lead 
which is the end product of the three radio-active seiics. The amount of helium 
■or lead present per gram of a specimen is determined by chemical analysis and 
suitable analytical technique. But recent investigations show that in many 
cases helium-method gives erroneous results due to the leakage of helium from 
rocks or minerals. Again as the life of parent radio-active elements, such as 
uranium or thorium, is very long there is negligible change in the amount of 
parent element since the beginning of rock-forn)ation. Therefore the rate of 
production of the product elemeut is directly proportional to the amount of 
uranium or thorium present in the rock or mineral. This amount can be 
ascertained by chemical analysis of the sample. But as the amount of uranium 
or thorium present is very small particularly in case of rocks, the chemical 
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method is liable to considerable error. The alternative and much more reliable 
method developed and followed by Evans (1940), Nier (1941) and all the modern 
workers is l)y the comparison of ionisation current produced by certain weight 
of a specimen with that of a standard source. Usually a- and /J-rays are cut off 
and the ionisation due to y-ray only is compared. In case of very feeble source, 
uraninm, etc., present can be directly determined by counting a-rays emitted 
by a thin layer of the sample. The comparison of ionisation current or the 
counting of fA-|.)arlicles being done by an ionisation chamber with an electrometer 
or a vaciium-tnlie amplifier. 

'riie present work was iitiderlaken for a systematic estimation of radium- 
content and also for the age-determiimtion of Indian minerals and rocks in 
co-operation with Dr. Fox, Director, Geological Survey of India and Dr. Wadia, 
Mineralogist to the Government of Ceylon. Both of them very kindly consented 
to help us in this work. 

A P P A R A T U S 

Tile aiiparatus set up for this experiment is an electrometer-lube amplifier 
with an ionisation chamber. In recent years mch an arrangement has been 
extensively used for the study of various nuclear and radio-active pioblcnis. 
Due to reliable results and very convenient iiianipulalion it Is quickly replacing 
electrometers and electroscope for the iiivevStigation of these problems. The 
electrometer-tube selected is an F. P. 54, pliotron lube designed by*Metcalf 
and Thompson (1930). The circuit used is same in ])rinciple as that of Dubridge 
and Brown (1933)- A Deeds and Northroup R-type of galvanometer was 
balanced by the plate current and the space-charge grid current of the tube. To 
eliminate drift and for fine control, various resistances were selected by trial. 
The actual circuit set up is shown in Fig. 1. Further to eliminate mechanical 
disturbances the ionisatifni chamber was carefully mounted on the riiotrou-tube 
enclosed in a brass cylinder. The mounting is shown in Fig. 2. Using 
lo'' ohms as the leaking resistance a sensitivity nearly 10^^^ ami>. per millimeter 
dcllecliou w’as obtained. 



Fig. I 
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1 H R R s T 1 M A 1 I o N () I* Radium in t ii r m i n k r a u 
'J' n 0 R I A N r T R O F c K Y u O N 

The niiueral under investigation was sent by Dr. Wadia on Ixihalf of the 
Government of Cevlon for tlie estimation of radinni-contcnt in the mineral. 
A particular sample of the Ceylon Thorianite has been chemically analysed as 
early as about iqio by Soddy (1910) and as referred by him, the sample contains 
60 to 70% of ThO|> and from 10 to 20% of TbjOj,. The mineial will therefore 
contain both radium and its isotope mesothorium i. From this chemical 
analysis, the approximate amount of radium and mesolhoiium 1 picseut can 
be theoretically obtained from the consideration of ra(lio-acti\ e eciuilibriuin. As 
it is interesting to compare the theoretical amount with that estimated by physical 
process, we have calculated the Iheoietical amount as shown below. When 
a radio-active element is -in equilibrium with its ])iodnct elements then from 
the law of radio-active disintegration it follows that 

(NiA,)b’ = (N2Aj,)ii. ... (1) 

(NiAi)Th= (N2A2)MsTliI ... (2) 


where N i represents the number of uranium and thorium alr)ms present in the 
respective cases and N.^ that of radium and mesothorium i atoms present 
in equilibrium, A’s represent the decay constant of the respective clement. 

bet us first calculate the radium-content per gin. of the mineral. It is 
experimentally known that Ai, x io~’ * sec"’, Aii,.= i .373 x lo"* ' sec"' ; 
and atomic wt. of 11 = 230 and of Ru = 2.1b. If the jiercentage of U.hOh present 
be assumed to be 15%, the mean value of the chemical analysis, then i gtn. 


of the mineral will contain ^ gms. of D. Since 23S gms. of urauiuin 

20 X 842 

contain 6.06 X 10^® atoms (Avogadro number) therefore 1 gm. of the mineral 

, , 3x714x6.06x102:* 

Will contain — - - 


20 X 842 X 23H 
of radium in equilibrium then from (i) it follows that 
3 X 714 X 6.06 X 10^ ' 

20 X 842 X 238 


atoms of tJ. Therefore if there are Nii„ atoms 

I (i) it follows that 

X4.9 X io"'® = Nit« X 1.37 X iir” 


XT _ 3 714 ^ 6.06 X 4.0 

20 X 843 X 238 X J.37 


X 10^ *' atoms. 


Again 226 gm. of radium contain (6.06) x lo'*” atoms therefore the wt. of Nhu 
atoms of radium is 

_ 3X7Hx 6o6 x^ • y_>‘,226 X lo^ " „ 3, x i(r'< gms. 

20 X842 X 23S X t.37 X6.06 X lo’®'' 

One gm. of the mineral contains about 4.32 x 10"* gms. of radium . 

Similarly if the percentage of ThOa is 70, then from the experimental value 
of Ax!i®=i. 33 X lo""** sec"*, AMsThi=3.28 x io~” sec"’ and the atomic wt. of 
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thorium and niesothoniun are 23a and 228 respectively, it follows that 1 gm. of 


the mineral contain ^ ^ ^ ^ “2.45 x Rms. of MsThl. 

264*/^X3.28 

From this calculation it follows that altliough the percentage of ThOa 
much higher than that of still the equilibrium amount of mesothorium j 

is much smaller, almost negligible in comparison with that of radium. This is 
however due to the fact that the half life of MsTliI is much shorter than that 
of radium. 


1<: X P K R 1 M jR N T Ah P R O C H D U R E 



Tlie radium-content of the mineral has been estimated by the well-known \ 

y-ray method of estimation. \ 
An ionisation chamber to- 
gether with the pliotron 
amplifier described above has 
been used to compare the 
ionisation current due to 
y-rays of a certain weight of 
the mineral with that of a 

standard y-ray source, under 

« 

exactly similar conditions. 
The ionisation chamber con- 
structed is a lead cylinder 
about 5" long and of inter- 
nal diameter about The 
thickness of the wall is i cm. 
The collecting electrode is a 
brass wire of diameter 
about 1/16", and insulated 
fioni the wall by an amber 
cork. About .250 volts be- 
tween the _waU and the 
central electrode was found 
sufficient to produce satu- 
ration current due to ionisa- 
tion, The collecting elec- 
trode was connected with the 
grid of the pliotron tube and the mounting was done as shown in the Tig. 2. 
The standard sample used is 0.47 milligram of radium in the form of ladiuni 
bromide. The iouisatiou current was compared by comparing the deflection in 
the galvanometer scale. The approximate linearity of the deflection was tested 
by taking the standard source at different distances from the ionisation chamber. 


ro i>UMP 


Fig. 
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RaJtom-conlenf o/ Ceyhn rhodonite , 

experimental data 

The mean deflection for 0.47 niilligiam of radiiun 255 mm. 

>» .1 217 gms. of thoriauitc 7 inni. 

Radium content of per gm of the mineral = = r x 10"® cm 

250 X 217 ‘ 

As the mineral was spread in a thin layer of about 5 cm. the correction due 
to self-absorption was small and therefore neglected. 

From this experimental estimation it follows that the radium-content per 
gm. of the mineral of this sample i.s appreciably greater than that obtained 
theoretically from vSoddy’s chemical analysis assuming the percentage of I ’;((.»« 
lobe 15%. The percentage of l.'id >8 to be 20.6,^% which is very near 

to that of the upper limit of vSodcly's estimation. 

When this work was undertaken it was also the idea to estimate the age ol 
formation of the rock. Aa already stated the age can be easily calculated from 
the well-known method of load-uranium ratio. When radium is estimated by 
V-ray method, the amount of uranium lue.scnt can be calculated by tlie considera- 
tion of radio-active equilibrium. But for the estimation of load, a chemical 
analysis of the .sample is nece.ssary. Moreover the lead present in the mineral 
is generally a mixture of different isotopes of lead pioduced by the decay of 
uranium, thorium, and actinium and probably some trace of ordinary lead. 
'I'lierefore a mass-spcctrograpliic analysis of the lead is necessary to a-scertain 
the percentage of uianinm or any other type of lead. For all these difficulties 
the w'ork could not be proceeded further. 

In conclusion 1 express my thanks to Professor M. N. fiaha, F.R.S., for his 
kind guidance to complete this work. My thanks are particularly due tc» 
Dr. Wadia, Mineralogist to the Government of Ceylon for kindly supplying the 
mineral Thorianite and permitting mo to publish the radium estimation of the 
sample with this apparatus. My thanks are also due to Dr. B. D. Nag Choudhury 
and Dr. S. C. .Sirkar for many helpful suggestions. I also acknowledge my thanks 
to Dr. D. M. Bose, Director, Bose Research Institute, Calcutta, for kindly permit 
ting me to complete the work. 
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ON SARGENT CURVES FOR ARTIFICIALLY ;8-ACTIVE 

NUCLEP 

By P. K. sen CHAUDHURY 

{lieccivcd for publication, Sept. 7, 79^5) 

ABSTRACT. Sai gent curves of alltlje known artificially made /8*activc nuclei together 
willi luihirally / 3 -active nuclei Inwe been drawn. From this Sargent plot attempt has beeiji 
made to dt diire the approxiniut(' spin of some nuclei of even nios-s-mimber. Further thiA 
utility of such a ])lot, in the study of nuclear phenomena such as unclear isomerism which' 
ilcpcnds on spin change of the nuclei, has been pointed out. 

Saigcut (ig33) plotted log A against log Km« of all the naturally ^-active 
nuclei and found that the points lie approximately on two lines separated by 
ii distance of about two units on the logarithmic scale along the log A axis. 
A represents the decay constant of the nuclei and K represents the niaxiiiuun 
energy of the emitted ft-rays. Fermi’s (1934) theory of / 3 -decay provided a 
theoretical explanation of this experimental fact showing that the total proba- 
bility of ^-emission of a nucleus, f.c., A is depeudeut on the maximuna energy 
of the emitted / 3 .rays. Fermi’s theory further showed that the transition 
probability of ^l-emissiou hy the process a — ^F + / 3 + neutrino, is dependent on 
the change of angular momentum or in other words spin-change say At of the 
nucleus. The probability of / 3 -emission vanishes for all value of Ai except 
Ai = o. The first .Sargent curve corresponding to Aj = o was therefore called 
the allowed line. Eater on it was shown that for A/ other than zero the 
/ 3 -emissiou is not completely forbidden, only the transitional probability is 
reduced by a factor about (i/'ioo)^' approximately which explains the separation 
of the two Sargent curves. The second line was therefore termed as the first 
forbidden line, ('.amow and Teller (1936) considering the possibility of inversion 
of heavy nuclei during ^-transition modified Fermi’s selection rule of /8-decay. 
According to them the permitted transitions are those for whiclrAj = o. or Ai^i. 

Subsequently a few artificially made / 3 -active nuclei were plotted by Diebiier 
.'lud (Irassmann (1038) and found to approximately fit the Sargent curves. . 

As stated above according to the selection rules of /S-decay, the Sargent 
curves provide a quick methocf to visualise the approximate spin change of the 
nuclei in / 3 -transition. I have therefore drawn the Sargent plot with all the 
natural and artificial ^-active nuclei known up to the date as shown in the figure- 
The latest and the corrected value of half lives are collected from various journals 
and publications. All these are represented in Table I together with the spin- 
change Ai in ^-transition as observed from the Sargent plot. Most of these 
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data aud the reference will i)e found in the Table published by Liviugwood and 
Seaborg (1940) in Review of Modern Physics, Volume XII, 1940. 

Following Gatnow 1 have drawn three straight lines separated from each 



— ^ bog Kinnx 

Other by two logarithmic units. How^ever it must be remembered that the two 
lines obtained by Sargent with naturally /^-active nuclei arc not exactly st. lines. 
Further there is also considerable controversy over the positions of the forbidden 
lines as yet there is no satisfactory theoretical treatment of forbidden /i-oniission. 
However the first two lines arc definitely proved by experimental data of 
naturally | 3 .active nuclei. As Gamow and Teller selection rule of fi-decay has 
been found to be more true than that of Fermi, it is assumed that the first line 
corresponds to = o or A/=i, the second line corresponds to A^-2 and so on. 
The most of the nuclei will be found to fall in the region occupied by the first 
and second line and some nuclei with A/ higher than two about the thir me* 
It may be observed that the nuclei do not fall on three distinct lines. 1 is 
may be* partly due to the fact that the maximum energy of ^-rays as etermine 
mostly by absorption method is only approximately correct- 
ly'" M.ssP—V 
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An important experimental fact is that nuclei having even mass aumbet 
and even atomic number have the nuclear spin zero. This atonce suggests 
that for /i-active nuclei of even mass number, Sargent plot shows not only the 
spin change Ai of the nuclei but also the actual spin of either the initial or the 
product nuclei. For a ^-emission only increase or decrease the atomic number 
of the nuclei by one, but the mass number remains unchanged. Therefore if 
the radio-active nuclei be of even mass-number but of odd atomic number, then 
by i9-emission the atomic number also becomes even and since the spin of nuclei 
having even mass-number and even atomic number is zero hence Aj gives the 
actual si)in of the /3-active nuclei. Similarly if the A-active nuclei be of even 
mass-number and even atomic number, its spin is initially zero and therefore 
gives the spin of the product nuclei which are of even mass-number but of odd ' 
atomic number. In this way as deduced from Sargent plot, the spin of some 
nuclei of comparatively heavy atomic number is shown in the Table 11. The 
rest may be found out from the Table I, 

Tabi,e I 


Nu('k*i 

T 

K 

1 

i 

j It'K ^ 

IVmax X 
itr® u.V. 

log Kinux 

^ i 

Type 

.H-' 

31 y 

! »i 

1 .71 X 10 ^ 

10.8313 

i .03 

4.301 

0 or I 

0 

itHe® 

,8 .ser. 

i *995 

1.998 

3-7 

6568 

0 or T 

i0 


.88 sei\ 

.789 

T.8q7 

12 

7.079 

0 or 1 c r 2 



U) yvs. 

.22 X io‘^ 

9 - 342-1 

i 

5 -^ 77 J 

3 


slf-’ 

1 111. 

.115 X 10"^ 

2 .061 





5 T*n 

02 S. 

.346 X lo* 

J 539 

12 

7.079 

0 or 1 



2] 

.S,'! X nr-’ 

[ 4-710 

1.03 1 

6.013 

0 or 1 



89 flays 

■897 X to '" 

! ' 8 . 95.1 

1 

•-I 

5.477 

2 

/ 3 - 

oC'« 

8.8 

.79 X JO"! 

2.897 

3 . 5 ^' 

1 

6.5.26 

0 or t 


jNia 

9.4 m.s. 

.123 X 10 2 

__ 

3.0899 

! 1.2 1 

6.0792 

0 or I 

J 3 " 


8.4 

.823 X 

2.916 

6 

6 77 « 

0 or I j 

1 

! 

sO’s 

2.1 nis. 

.35 X 10 2 

3 . 710 

1 

J -7 1 

6.230 

u or T 


»o'» 

3 » ii. 

.234 X lu- * 

2 350 




i 9 

8l‘>' 

74 .s. 

.94 M lu 2 

3.973 

2 .T 

6.322 

0 or 1 


jlfJO 

12 

.578 X JO * 

2.762 

5 

6.699 

0 or I 

/ 3 ~ 

loKc'* 

20.3 s. 

,343 X J0-* 

2-535 

2.3 

6.342 

0 or r 


„>In» 

3 y- 

.738 X icv 

9.868 

.38 

5 - 7 ^ 

3 



J15 h. 

.129 ^ JO ^ 

5 <iii 

1.36 

6.133 

2 

3 - 
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Taulu I {conid.) 


Nuclei 

T 

K 

log \ 

l*)iTiax X 

c.v. 


A/ 

Type 

„jig« 

u,6 s. 

.6 X 10 ^ 

2 . 77 fi 

2.8a 

6,451) 

0 or 1 



10 111 > 

,116 X in-*^ 


174 

6.240 

n or l 


J 3 A 124 

20 nis. 

.578 X in 

'1.762 





„A 1 M 

7 

.fJOJ X 

2.906 

2.99 

6.479 

(.) ni 1 


,jAl« 

2 ./\ Ills. 

.482 X in ‘-i 

3.683 

3 3 

q.518 

0 or 1 or 2 


joAl^JO 

t).y Ills. 

.173 X JO' ^ 

3 -^ 3 ^^ 

2-5 

6 - 39 i^ 

f » 



2.5 h. 

.77x1,, i 

5 -S% 

1.8 

6-255 

0 

0 


2.6 ins. 

-445 X in- 2 

3 6^8 

3 -^-> 

6-556 

)) 

3 ' 

i^r’’ 

14. j d. 

.5584 X ir, ® 

7.7/169 

1.69 

6.2279 

3 

3 

leS” 

26 ins. 

.44 X In 

4-6435 





icS 35 

88 ds, 

.()l X 1 0-7 

8.9500 

.107 

5-0294 

6 or I 

J 9 

nCP’ 

2.8 stc. 

■25 

1-3979 





i 7 Cl»< 

33 HI- 

-31 

4-5315 

2.5 

6*3076 

2 


17 C 1 « 

I yr. 

.22 X JO- 7 

8.342.1 

-7 

5-8451 

3 

i 9 - 

irCPS 

37 m. 

.31 X JO -3 

4 491.1 

4.8 

6.6812 

2 or 3 


18 A« 

1.8 h. 

.J I X 10 3 

4 i.,|i 4 

1-5 

6.1761 ' 

i 2 


isA^® 

J.91 .see. 


^ 556: 

1 

1 

I 

I 



isK” 

7.7 ms. 

.15 X 10 ^ 

3.1761 

5.3 

6.3617 

ei nr i or 2 

\ 0 ^ 


Ji ^-5 li- 

.15 X 10 

.5-1761 

3-5 

6 5411 

3 ' 

H 


180 (l.S. 

44 X 10 7 

8-643.5 

.jq 

5.2788 

2 or 3 

0 ^ 



*91 

5.0506 

1 


2oCa« 

2.5 li. 

3cj ms 

.77 X/, < 

S-'- 86.5 

2-3 

6.3617 

i 

1 

1 2 

1 

0 - 

,iSc« 

13.4 d. 

.5g X 10- 

7-7704 

1.4 

' 6,1,161 

! 

3 

0 ^ 

j,ScM 

4 h. 

.48 X lu ^ 

5.6812 

J.3 

1 61139 

1 2 

1 

0 *^ 

jiSc<< 

4.3 li. 

,i|7 X 10 ' 

5.6721 

1-5 

‘ 6.1761 

1 ^ 

1 

1 

! 

jlSc:« 

85 < 3 . 

.94 X 10-^ 

89731 

.26 

! 5415^^ 

! 

i 2 fjr 3 



1 5 

6.1761 

i 


j,Sc« 

63 h. 



i.t 


i 

1 


IiSq<" 

44 h- 

.44 X 10 

6.6435 

1.4 

6.1461 

i u 

i8 


•5 

5-6 o'P 

i 


jlSfW 

57 

.2 X 10-3 

4.301.0 

J.8 

6.i?553 


J8 

„TiM ■ 

72 d. 

.n X 10-® 

7-0414 

136 

5-5563 

1 ^ 

0 -^ 


2.9 tn. 
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Tabi,e I (conld.) 


K«dci 

T 

A 

lop A 

KliJftX X 

i(V ® e.v. 

log Kmiux 

Ai 

Type 


600 (]s. 

.13 X 10 7 

8.1130 





aaVi" 

lO d. 

.5 X 10 6 

7 ' 9 ?d 3 

1 

6.0000 

2 or 3 



33 111' 

• 35 X JO 


1.9 

6.2788 

2 ! 

) 9 '- 

2.Cr=i 

26,. s d. 

,3 >« uv’’* 

7-4771 

.1 

5 .0(X» 

0 or I 


24 Cr“ 

2.27 h. 

.85 x lo- ^ 

5.929/1 

1 




joMii®' 

in. 

.25 X 10 

4-3979 

2 

6.3010 

2 


25 TVItt®® 

21 .3 in. 

S 4 10-’ 

4'7324 

2.2 

6.3424 

2 



7-1 

.11 X lu 

5.0414 

•77 

5-8665 

2 


25 Mn&® 

2,0 h. 

.74 X 10 < 

5.8692 

2.8 

6.4472 

2 


sel'VSs 

47 <S. 

.17 X lo-® 

'7.2304 

•4 

5.6021 

2 






•9 

5 '9542 

3 


J7C06S 

i8h 

.11 X 10^^ 

5,0414 

1*5 

6.1761 

2 


«Co 5 ’ 

7od 

.11 X 10 ^® 

7.0414 






3di 

.53 10 s 

6.7243 

.67 

5.8261 

2 

0* 

,8Ni« 

a.gli 

.77 X i ()-4 

5.8865 

1.9 

6.2788 

2 

• ) 3 ' 


3 - 4 B 

.57 X 30‘^ 

S- 75 S 9 

•9 

5-9542 

0 or 1 

0* 

,9Cu«* 

jo.5in 

.11 X in "2 

3 - 04 J 4 

2.6 

6.4150 

2 

0* 

j»CuM 

12.8 h 

•15 ^ 10”^ 

5.1761 

.66 

5-8195 

0 or 1 or 2 

0* 





•SB 

5-7634 


0 

jjCu®'' 

5111 

.23 X 10 ‘2 

. 3 - 3 <>i 7 

2-9 

6.4624 

2 

3' 


38111 

.30 X io“i 

4-4771 

2.3 

6.3617 

2 

0* 

3 oZu‘® 

asnd 

.32 X 10" 

8.505S 

•4 

5-6021 

2 or 3 

0* 

3 (| 5 '-n®» 

571US 

,2 X 10 ^ 

4-30JO 

1.0 

6.f.»oo 

0 or I 

3 ' 

3 iGa«* 

9 .^h 

.2 X 10 ' ^ 

5-3010 

3.1 

6.4914 

3 

0 * 

3 iGa’'f 

20m 

.57 X 10 " 

47559 

5 

6,6990 

2 or 3 

0 ~ 

3 iGa« 

i^h 

.14 X 10- ** 

5.1461 

2.6 

6.4150 

3 

0 ~ 

SjAs” 

171! 

.47 X 10' * 

7,6721 

1.2 

6.0792 

3 

0 - 





0.9 

5-9542 


0 * 

aiAs’* 

26.8I1 

.72 K xo -5 

6-8573 





j4Se«*»‘ 

19U1 

.61 X 10-5 

4-7853 

1-5 

6.1761 

0 or 1 

0 

„Br« 

6.4m 

,18 X 10-^ 

3-2553 

2.3 

6.3617 

0 or r or 3 

0 * 

jjBlM 

18m 

.64 X 10^3 

4 ' 8 o 63 

2.0 

6.3010 

2 

0 ~ 

siBr” , 

34 h 

.58 X 10“-® 

6.7634 

•7 

1 5-8451 

a 

0 
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Table I (ron^ii.) 


Nndei 

T 

K 

] 

i 

log \ j 

1 

Kniiix X { 

^e' 6 e,v^ j 

1 

Jog T{tnux 

tl 

Type 

„Br«» 

a- 3 b 

.83 X 10 ^ 

'5-919* 

1.05 

6 0222 

0 or 1 or 2 


37 Rb 

17m 

.68 X 10-3 

4-8325 





3 ,Rb 

i 5 - 4 m 

.75 ^ 10 

4-875* 

3.8 

6-5798 

2 

a 

37 Rb 

17.8m 

'61 X 10 

4-785.3 

4.6 

6.6628 

2 

$ 

jsSr” 

2 . 5 h 

.77x10-^ 

5-8865 

•5 

5-6990 

0 or 2 

/ 3 ^ 

3 BSr 8 » 

55^1 

.15 X in-*’ 

7.1761 

1-5 

6.1762 

3 

a' 


2h 

•96 X It) * 

5-9823 

1.2 

6.079a 

0 or 2 or 2 



70I1 

.27 X io-*» 

6.4314 

13 

6.1139 

a 


4 e 7 .r«» 

7C)li 

.27 X 10 ® 

6.4314 

I 

6.0 

2 

0^ 

«Zr»s 

63d 

,127 X 10 7 

7-1038 

•25 

5-3979 

a 

0 

4 oZi« 

I 7 h 

.113 X 10 ^ 

5-0531 

T -25 

6.0969 

2 

BT 

4 .CbM 

lid 

7.26 K 10 '• 

7.8609 

l.O 

6 oC'O 

3 

0 

«Cb« 

S 5 d 

.14s x 10-* 

7 1614 

.15 

5.1761 

0 or 2 

0 

4,Mo« 

17111 

6.76 X 10 < 

4 8299 

1.85 

6.2672 

t) or 1 or 2 

/a*' 

4 |Mo >®1 

24ni 

.493 X I0-> 

4.6928 

1-3 

6.1239 

0 or I 

0 

43 Ma'»' 

9111 

.128 X in 2 

3.1072 

1-16 

6.0645 

0 or 1 


45 Rhl«< 

4.3111 

.267 X 10 

34265 

2.3 

6.36 

0 or I 

0^ 


42s 

.164 X ro w I 

2.2256 

2.3 

6.36 

0 or I 


47 Ae’“* 

24 <Sni 

.469 X 10-^3 

46712 

2.0 

6.3010 

2 

0^ 

4 jAg'»" 

2.3ni 

'5 X 10 2 

3.6990 

2.8 

6.4472 

0 or I 

0 

4 rAe'"' 

22s 

.314 X 10-* 

2.4969 

2.8 

6.4472 

0 or 2 

0 

47 Ag»* 

3 ' 3 b 

.6 X 10 ^ 

S-7782 

2.2 

6.3424 

2 

0^ 

iiCd"® 

2.Sd 

.329 X io-*» 

6.5172 

l.TT 

6.0453 

2 

0 

4 ,InJW 

65111 

a 77 X 10-3 

4.2480 

1.6 

6*2041 

2 

0* 

43 Tn''* 

a . 7 d 

.3 X 10-5 

6.4771 

1.73 

6.2380 

3 

f 

4,ln«< 

4 ad 

.168 X 20-® 

7-2253 

1.98 

6,2967 

3 

0^' 

49 lll»» 

S 4 m 6 

.213 X 10-® 

4-32S4 

.85 

5-9294 

0 or 1 

0 

«lni« 

11701 

.983 X 10-^ 

5-9926 

1.73 

6.2380 

a 

a" 

MSb«« 

17m 

.676 X 10-® 

4-8299 

1-53 

6.1847 

0 or I 

0^ 

slSbl® 

3 . 8 d 

.285 X iO “-5 

6.4548 

1.6 

6.2042 

3 

0- 

uSb«* 

6 (®d 

.133 X10-® 

7.1239 

1.8 

6.2553 

3 

0- 
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Table I iconid.) 


Nuclei 

T 

i 

\ 

log \ 

i 

Rinax X 1 

TO“®e.V I 

i 

lo^ Kimw 

A* 

Type 

Ml"'' 

I3cl 

,616 S< IO-* 

7.7806 

1.1 

6.0414 

3 

B" 

mI'“ 

25111s 

4 6 >t 10 < 

4.6628 

1.2, 2.1 

6 0702 
6.322 

0 or I or 2 

» 

Sjl"" 

12.6I1 

1.52 X TO 

5 1818 

■83 

5-9'9' 

2 ' i 

B- 


31I1 

■595 ^ lO-'** 

6-7745 

.8 

5-9031 

2 1 

B 

hCV^’.« 

15(1 

.53 X TO 

7-7*43 

.12 

5-0792 

0 or I 

B' 

sj'Ru"*,*^ 

lyr 

.219 X 10’ ^ 

8.3404 




' \ 

6cDy"!6 

2.5h 

.767 X jO ^ 

5 ,8848 

1.9 

6.2788 


B’' \ 

Ho' 66 

3oh 

.6 X 10 5 

6.8062 

1.6 

6.2041 

2 or 3 



77 days 

.104 X 10- G 

7.0170 

•45 

5-6532 

2 


76 Rc 16» 

90 h 

.213 X 10 

6.3384 

1.2 

6.0792 

2 or 3 

B 

7bRe'66 

18 h 

1064 X 10^* 

S.0271 


6-3979 

3 



24-5(1 

,3275 X 10 ® 

7-5'52 

0.13 

5 "39 

0 or I 

B 


i.i/jni 

.1013 X 10'^ 

2-0055 

2.32 

6-3655 

0 or j 


9lIJ2«< 


.287 X 10 ^ 

5-4579 

.6 



1 

! .. 

8,RaB«' 

6.8111 

.431 XK)‘*'* 

4.<'34S 

0-65 

5-8129 

0 or 1 

9J 

ejlJuCS" 


.592 X io“'^ 

4-77*3 

3.1s 

6.4983 

2 


8iRaC"S’« 

1.32m 

,875 X K)‘^ 

3-9420 




1 

(,RaD2>« 

2^5y 

‘137 X 10' ® 

9 1367 

.035 

4-5441 

0 or I 


BjUuIv*'" 

5od 

16 X lo''*' 

6.2041 

1.22 

6.0864 

2 or 3 

i » 

8 bMsT1i,*M 

6.7y 

.32S X 10' 

9-5159 



1 


(sMsThj™ 

6,1311 

.314 X 

5.4060 

2.05 

6.3118 

2 



Jo.6h 

.182 X 10 ^ 

5.2601 

•36 

5-55^3 

0 or 1 

n 

8jThC«2 


.123 X 10’^ 

4.0800 

2.25 

6.3522 

2 


gjThC"’®" 

3.20111 

,361 X 10'2 

3-5575 

1,79 

6.2529 

0 or I 


b#Ac«’’ 

13 ‘4y 

.164 X 10 ■** 

9.2148 

1 




ajAcR®" 

36,0111 

,321 X TO'® 

4-5065 

■30 

5-4771 



mAcC*» 


.16 X 10** 

5-2041 





biAcC-'W 

4.76m 

,243 ^ io“® 

3-3856 

1.4 

6.1461 

0 or 2 



Naturally Radio-active nuclei 
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2h7 



Nuclei 


,Sc« 

ji8c« 

„MnS* 

juC n** 

,Ga« 


Spin 

" 

Nuclei 

1 Spin 

Nuclei 

1 3 ! 


i , i 

49Tn^^^ 

2 

35«r«2 

1 ! 


2 


i 3 : 

49Tn"« 

2 

47 A g"' 

1 2 


2 

47 A k'"’ 

j o nr I 

5|S||I** 

2 

1 47Ak"» 

i 0 or I 

Sl.ni 

3 

1 77Ag''* 

1 2 


3 

1 wTh"" 

! ^ i 

J7l.U*<'’ 


Table III 

Tfc’oiiiers in Sargent Curve 


Nuclei 

T 

Km ax of 
jS ra\ in 

7-rQV if 
emitted and 

U 

Reference 



M.e.v. 

Kniax in 



M.e V 



Ca« 

a. 5 h 

3-3 

.8 

2 

Liv'iiigwood & Seaborg (1940). 


3 (» ms 

not known 

not known 


1 1 

Rh'«< 

4.3 ms 

2.3 

e.055 and .08 

0 or 2 



4a s 

2.3 

not knoNMi 

0 or I 


Ti6l 

73 d 

36 

1. 1 

2 

WalKe elal (1939). 


2,8 ms 

energy not 


Walke (1937). 




known 



Mn*’ 

21.3 ms 

2.2 

1.2 

2 

Living wood, Seaborg (1938) 





and Heinendinger (1939). 


7.4 d 

•77 

I 

2 


Uxji 

X.14 ms 

3.3a 

not known 

0 or I 


u* 

67 h 

.6 

*» 



Br** 

34 

•7 

1 -^5 

2 

SiK ‘11 (1937) and Buck (19381. 


40 m 

not known 

1 not known 

i 


Doddson and Fowler (1939), 

ysi 

70 h 

1-3 

1 not known 

’ 2 



3 h 

2 




In”» 

72 s 

not known 

{ 


Lawson and Cork (1937). 


2.7 d 

1-73 

i .17 and .25 

3 

Barnes (1939). 

11,11* 

13 s 

2.8 

not known 


Ainaldi etal (1935). Cork and 




Lawson U939). 


54 ms 

.85 

I 8 and i 3 

0 or I 

Amaldi etal and Cork and 



Lawson (1937)* 

Br»u 

i8 ms 

2 


2 1 

Snell (1937). Alicbanian etal 





(1936). 


4-4 h 


e 


Buck (1938). 

Zn«* ' 

57 TO ‘ 

1*0 

not known 

0 or r 1 

Livingw’ood Seaborg (1939k 


13.8 h 


-47 


II 
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Again the Sargent plot of nuclei may be of considerable importance in the 
study of nuclear isomers. For according to Weizacker’s (1936) theory of nuclear 
isomerism the initial difference in spin of the ground state and an excited 
metastable state is the cause of nuclear isomerism. Therefore if the spin»change 
A/ of the pair in /J-transitiou is known from Sargent plot then it may give some 
information about Uie subsequent mode of decay as suggested by Hebb and 
Uhlenbeck (1938). In the Table III, I have collected the isomers whose 
existence is now well established. The value of Ai for the isomers of which 
decay constant and the maximum energy of the emitted /3-ray is known, is also 
shown in the Table. As an example the isomeric pair Rh^**^ may be considered. 

It will be observed from the yargent plot that Ai for both of the pair is the 
same and =0 or I. Therefore if initially the two nuclei have large difference 
of spin then this large difference persists even after ^-emission. Therefore if ,\ 
one of the juiir transforms into ground slate, the other will be in an excited state \ 
even after emission. According to Ilebb and Uhlenbeck this excited state 
is destroyed by the emission of y-rays in steps. These y-rays again give rise 
to soft conversion electrons. Probability of conversion is particularly high when 
the difference of spin between the ground stale and the excited state is high. 

As a matter of fact large groups of conversion electrons have been experimentally 
observed with Rh'‘^'‘. 

In conclusion 1 express my thanks to Piofessor M. N. Saha, F.R.S.,^for his 
interest and encouragement in the initial stage of this work. My grateful, thanks 
are due to various workers whose experimental data 1 have taken. My thanks 
are due to Dr. D. M. Bose, Director, Bose Research Institute, for kindly permit® 
ting me to complete the work here. My thanks are also due to Dr. S. C. .Sirkar 
for many helpful suggestions. 
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STUDIES OF ELECTRICAL INTERFERENCE TO RADIO 

RECEPTION^ 

By S. C. MAJUMDAR, S. M SEN 

AND 

S.R. KHASTGIR 

(Kcccivcii for publicaiion, September 7, 

ABSTRACT. Sti\(lii‘s iti electrical interference from three Ti.C.-nperated electric fans and 
a motor were made in tliroe frequency inures: U) 7 Mc./s-:io ]\Ic./vS, (2) 3 Mo./s* 6 ]\lc./s and 
(3I .65 Alc./s' 1.5 Mc./s, The .studies can he classilied as rolIoAvs ; 

T. (u) .Measiitcjiientsof the r-f radiation liedd of the electric noise and the rorrc.spniiding 
a-f output for dif/creiil frequencies. 

(I)) STinly of the effect of speed variation on llicse iiiea.siirements. 

It was found from these shidics that, in general, the noise field deereased with the increase 
of fre(|uerieY but fm sovic maxima. The C()TUsp()nding a-f output was found, in general, to 
increase vrith frt (|upncv but for some maxima. The maxima for the rT iu>isr field and tJic a*f 
outjmt were not always at the .same fri'cinciu'icvS, The maxima in the noise licdd ai^Hjired to 
depend on (he interfering source. The ef/ei't of si^ec'd variation was, in general, u derrease in 
the field with the decrease of sj)eed. The variation of .spec‘d did not affect the positions of the 
maxima. 

TT. Determination of the resonance fre(jueiicies f»f the armatnrC'Seotor coil.s of the different 
motors. 

The experiments were carried out over a wide range of frerjiieiu ies from .5 Mc. /s to 
22 ^Ic. /s. The resonance fn-fiuencies were obtained and (lu're appeared some ('orresi)ondence 
between the resonance fre(|uc‘iicies thus obtained and the frequencies eorrespondiiig to the 
observed maxima ill tlic noise field. It was thus eonjectured that (he t/auAi- rontiniuuis type 
of the r-f noise cuiiiponcnts would have its maximum intensity in the regirai of the rcsoiiniiee 
fre(|uencies as determined by the L-C-R values of the dilfcienl ariimtnre scetor eoils, 

TTI, Some nioa.siircment.s of the ratio of tin- vertical and the horizontal components of the 
noise field. 

IV. An oscillographic study of the r-f tioise components: — Kvideiice was obtained of 
damped electromagnetic waves over a wide range of frequencies. 

T N T R O 1 ) IT C T I O N 

rvery radio listener knows that reception of sif^nals is often seriously 
disturbed by electric fans, electric pumps, refrigerators, electric vacuum clea- 
ners, lifts, electric tramways, trolley buses, motor car and air-craft systems, high 
frequency transmission systems and various other electrical installations. Some 
useful and important investigations have already been carried out on this subject 
o>f electrical interference. The pioneer work of Hou'e (1937) on radio interference 

* ('nninmuicatcrl !)y the Iiulian Physical Society. 

.i-iis.si’-v 
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from traction systems, the work of Curtis (1932) on electrical noise from motor 
cars and aerojjlancs, Langton and Bradshaw's (1935) work on high voltage trans* 
mission lines, the investigations of Oil! and Whitehead (1938) on electrical inter- 
ference from trolly buses and electro-medical equipments, etc., are worthy of special 
lefercnce. We should also menlion the work of Morris (1934), Neale (1935), 
Warren (1935-36), Schumacher (1935) and the LE.E. Council (1934) on the 
methods of eliminating electric noises and the legislatures concerning them. 

In India some amcnuit of work was recently done by S. P. Chakravarty and 
N. L. Dutt (1941) at tlie K.anodia lilectrical Communication Engineering Labora- 
toiies of the Depailment of Ai»pllcd Ph> sics in the tbiiversity of Calcutta. In 
their work they investigated electrical interference from various sources, such as, 
IXC. -operated electric fans, jiumps and refrigerators on a wide range of wave- 
lengths (10m. - 550m.). Measurements w’cre made of the r-f interfering voltage 
input to the receiver at smiie distance fiom the diffcient noise sources. They also 
measured the ratio of the liorix-onlally polarized to the vertically polarized conipo- 
iieiils on various wavelengths for the different noise sources. The effect of speed 
variation of the motors was also studied. An analysis was also made of the power 
distribution in tlie aiidio-freciiiency bands lesulting from the r-f signal from the 
different sources. In their work Chakravarty and Dutt employed a diiediorial 
microphone connected to an amplifier system for llie mcasuremcnl of the audio- 
frequency oul[)ut. The frequency distribution of the r-f interference voltage 
iiq)Ut to the receiver as investigated by these vvoikers over a wide range of A^ave- 
lengths revealed a number of maxima. The cause or causes of these maxima 
were not, however, explained and this remained a very intriguing and useful sub- 
ject for invesligatiou. 

S C O I> n 0 V 'I' 11 K V V. Ji S E N r 1 N V K S 1 G a T T 0 N 

In the jn'eseiit wc)rk a study of radio interference due to the radiation field 
from two n.C. -operated ceiling fans, a table fan and a D.C. motor, was undertaken. 
Mcasuremenls wcie made of the normal (vertical) radiation field and the corres- 
ponding a-f output voltage across an im[)edance due to electrical inlerfeietice from 
llie different noise sources in three specified ranges of broadcast ficqucncies low, 
medium and high. Maxima were observed at specified frequcncks. The effect 
of varying the speed of the motors on these measurements was studied. A reduc- 
tion in speed appeared, in general, to reduce the interference effect, while the 
positions of the noise maxima in relation to fretjuency remained the same inspite 
of a considerable variation in spc^nid. The ratio of the vertically polarized to the 
horizontally polarized fields w^as also determined for the three ranges. 

The works of Howe on radio interference from traction systems strongly 
suggested that the maxima in the r-f iiilcrference field should he associated with 
the re.sonance frequency of the armature-sector circuit in the electric-niotois. 
In a D.C.-oi)erated motor, il is dear that the electrical interference is due to spark- 
ing between the brushes and the approaching or receding commutator. The 
‘ reactance voltage ' in the armature coil which is developed as a result of change 
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of current in it, frequently causes sparks and the duration of the sparking is 
usually somewhat prolonged due to self-inductance of t])e coil. With the higher 
speed of the motor, the reactance voltage in the ai niaiure increases, resulting in 
sparking of greater intensity between the brushes and the coimiiutator segineiits 
which approach towards or recede from one or the other of the two brushes. For 
a particular spark, it is evident, the frequency of the damped oscillations set up 
would depend not only on the inductance of the armature coil in one sector and 
its resistance and self-capacity but also on the resistance of the air-gap across 
which the spark takes place. This resistance may vary between wide limits, 
especially under irregular spark conditions. Thus it is expected lliat there would 
be a large number of frequency components, each being associated with a distinct 
spark having a definite air-gap resistance. It can also be conjectured that the 
frequency coini>oneiit having the maximum intensity should lie in the region of 
the resonance frequency of the armature-sector circuit. Work was therefore 
undertaken to determine the resonance frequency or frequencies of the armature- 
sector coil over a wide range of frequencies, well covering the ranges for which 
the noise measurements were made. The resonance frequencies of the armature- 
sector coils for the different motors in the specified frequency ranges sliowed some 
correlation with the positions of the maxima ol>served in the noise field measure- 
ments. 

That the interfering elements, from sources like the fan motors, really consist 
of damped waves of a very wide range of frequencies was shown from the 
oscillographic studies of the high frequency components as picked by a suitable 
L-C circuit and applied after suitable amplification to the oscillograph. The 
low frequency oscillograms of the periodically varying curient hi the armatures of 
the different motors were also exaininej. 

The make, type and other details of the fans and the inutor employed in the 
investigation are given in Table I. 


Table 1 


Intel ft ring Source 

' Make i Tv pc 

j 

Remark. s 

A. T).C, Ceiling fans 

1 . ( Kvlcr 

... 

Volts ; 22(1 V 



Amperes : A 


a. G.R.C. (Mala\n) 

Volts: 320 V 


j 

1 Amperes 

n. P.C. Table fan 

Sprague Electric Co., .LiiinU ll ,Arutr>v 

\^)lts : 225 V 


New York- ' Model '^oo^q 

Amperes : A 

C. D,C. Motor i 

i Adair, Putt Co, i O.M. 5/6 

' Volts : 22^1 V 


1 i 

1 1 

1 i 

Amperes . 65 A 


T II E K A r IJ R E 0 E T H K E b K C T R I C A b N O T S E 
F U O M D.C. - M () T O R S 

As has already been explained a large number of damped waves having a 
wide range of frequencies is expected to radiate from the noise source in a D.C,- 
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niotoi, 'Thoie is iilsr^ l xt>li ifricntal cvidcjici,* Xn slir)\\ that the motor can he 
rcK-iidecl as a ol i ] ejie}?.;> divine ii quasi — continuous spectrum. The 

refx-iun;- sst j)i(, i:s np a veiy small jiart of Dus interference spectrum and gives 
an aD output in thte loU'Kpeaker. 'I'lie iiiteeialed held of the interference signal 
within the dist.rele band uidlli containing noise c oinixmeiits ('an llieii be written 


b.) / '■ a,) co-i {fii/ f 0^^ ) i if j i'os I {o> I" /' I )/ + 0 j j f //.> cos 1 [(» + /s?)/ i (KjI t 

m/U) c<js ^ I ' ^ (i) 

v/lieie/’i jrr, iic(|nciicy diliereiices betv\een tile interfering 

\'oltag(. fiequeiicies mid the fie<jueni'v ■ 2 t : to w Iiicli the receiver is tuned, 
arc tIiL L]v)cl) angles ol Die components of the interterence s])ectrum 
relative to the c«>inpoiKnl having Die same fieciuency as Dial to which tl'iC receiver 
is tuned and a,), /f [ , aj, aie Die ainpbtiide of the sevei al comfionents. 

Ujshoaawe) pciniissilde to a'-siinic lljat the airii>litudes of the individual 
comi>oneiits ao, ti \ , a a;j, etc , of iIil electrical noise within the usual acce[>taiice 
band (eo-^(j kc'si of a good receivc-r are ol jiractically the same values 'file 
expression (ij ma\' thereloie be reduced to 

j<;, . ^-a (OS Ktc i (i„ j (.d 


'idle* vaiiation of the mnsc. held in dillerent fixipkncy chainiels would evidently 
depend on the energy disti iliulion in the id t‘om]>onents emanating froifi the 
noisL souia’es in the eU'ctiic motor. 

In om Tiieasiiieiiients the frame aerial was tuned so that the voltage V 
deve1(»[»ed due to the inteifeience signal across the tuning condenser w ould be 
in ol»ortioiial to { Ig /*'/ K}, where is the noise* field, / the frtajueiiey and R the 

i I . Id 1 (.‘sistam e of the aeiial. If we take Idc \ ' / . then it is thus 

ewideiil that the nature ol \’a/iation (rf the input X'ollage V wiDi freiiuency f would 
nei\ssaril> be di(Teu*nl fiom that of the \arialion of the noise held w ith frcajiieiicy * 
1 n a sup(‘ilK‘ter(‘dy ne set the a f cm I eiil (nil]iut / ('an be taken i»i oportional Xv 

the iiijmt voltage, so ilialv l\ wlieie K is a constant 

Igsiially the noise Ikld 1{ found to dceiLase with the iiieiease.. ol IruqueiicV^ 

/, so that is negative. Tak ing the a f em i eiit ouliiul to k)c propca tional to 

^ ’/ 

(/". ID, the \ariation of this output with frequeney would he given l)y 




'I'lmsC is ncKiltiw or positive, :ti.‘coi (ling as 1\ -C, oi > n/ ,'/■ otlier woi'ds, 

of ' 

wlieii the noise field is i'onnd to decrease with freejueney, the acoustic ontirUt 
would inetcase or decrease with frcqueucy according as the noise field JLi is greater 
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01 less than T;/- ^ I biially iIil fwiniLi allL-rnatiw.' lioklb; \]\^ ^( — / nviijuil in iluit 
case increases with fieqiienc\ . 


]■' X r R I M 1{ \ 'i A h IM T 11 ( » 1) \ N 1) 1) 1<; '1 \ I R S 

Jii the present work, tlie u—J noise outtnit curieiit was nieasnie<l Ia’ calihraled 
ladio reeeivei pnavitled witli an output vahe \'(»llnietLr, tlie iniait lenuiiials of 
which W'ei c connecled across the se<.a)iidar\' oi the loiahpi^ aher ti anslornK j . The 
valve-voltmeter consisted ot a suitable valve williainirun v.ai v anoiiietu in tlu' 
anode circuit. The anode current was balanced for no sinnah Altei liaxui;-, 
tuned tile Irame aei ial and tdso tlie leceivci to a [larticulai i reqiiLiu,'\k the fan 
motor was switclud on and the chaiiL^e in the <kl]ecti(m oi the wiive vollmelei 
noted. Tlie averaeie ol a nnmbei of siich obseiA^atioiis was then deteinnneil foi a 
{jarticular frecjUencv . < )bseiAMtions weie taken in this wayfia sexiral litfjuenc}' 

channels, hiuin the caiibiation ui aphs oi tin.- receiv'd obtaiiietl loi tlu- dijlerent 
frecitleiu'ies, the noise input voltage into llieieceiver was oblaiiud ioi lliese 
1 rectiiencies. 1 he tield-streiiRth was then calculated fiom the staiid«ud forinida. 

In some of the measuiements, K- T,. i\Io(»re’s (lo.^o) inteRratiiiR device was 
employed. The ])rinci[ial feature of tliis device ums that tlie volimctei icsponded 
{{} pulses of slioi t duration and at the same time avLiakeed tin. eOeU ovei a much 
longer time, d'he Riid time-constant wasalioiit .] m sec, ami tlic disc hai yc lime 
constant ol the anode circuit , having a 'calvanonietci in il was loneldy ,] sec. 
Tliis integrating de\'ice wais found vej> sensitive. 

A superhet set (Philips was employed in this w(»ik aflei removing 

the A. V. C. conuectiems. The interfering,’ souices were placed at a distame 
of about 50 ft. from tlie centre of the frame aeiiul. 'I’lie ^•ertic'al plane oi tlie 
aerial was directed towards tlie noise source. 'I'o avoid the antenna eilecl, the 
aerial was earthed at the middle point of the leupUi of wire. 

All the experiments were performed in a laree room wiili a few electiic 
wirings in it and these wirings too wx'ie well shiedded. The* edccl ol llu* wirings 
conducliiiR the waws frcmi the noise sourec to the vic inity of tlie ac i ial to be 
])icked np again by the rcceivei b}’ ladiation or induc tion was tlierefore exliemeiv 
small. 


l\ X P 1-: R 1 AI !• N 'J' A J. R Ic S I ■ J. 'I S 

Mcinuu lucnls o! ihc Vijluul idihitlicni jnUl mid I In- < in i i sj^nidiii ^ n-j 
oullml due /(’ eU(hiL noise jnnu flir differen! nitdoiy 

The measurements were made on three specified frequency ranges; (1)7 
Mc./s-.’o Mc./s (,d .3 ^Ic./s-b Mc./s(3) .65 Mc\/s Mc./s. 'Die iiidiution 

field can be altogetlier neglected for the first two frequency ranges and for the 
lowest frequency range also it was small. d‘he measurements were nsnally 
made for three regulator positions of each motor. Iwir tliese iiosilions tlie 
voltages applied to the motor were 213 V, 177 V and 151 V approximately. The 
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rfyirt'.-'^pondiii;: v.iricd I)cIvcl‘ii 5<>n and jnoo \.\).n\. approximately f()i 

IIk difluJoid iiiut<Mh. 



JMf;. ,> 

1 ^eiN’es a sot nl ly [ileal oiirvos sn<»win;; the r-f noise Held for diflerenl 
waveleiigllis from 15m to ]i'*2 melois (.()5 Me. /'s-:io Ale. /s) for the iiiaxinium 
speed of the 1 ). C- motor ami the tliree Ians. A similar eur\e is drawn for the 
ad oiitt)tit in h'ig, a. Tlie relative values of the r-f noise field and the ad outj)iit 
for the different inteiferiipe souiVes are cpiitc aihiiniry. These curves cleaily 
indicate tliat tlie noise held iiiereasod in general with wavelength, whereas tlie 
a f current outjnit decreased in general with llie iiieiease of wavelength, bul Jei 
s(>jur ii/aM'f/ui 111 i ciiaiu iU juiilc -icnvcloi^ihs. The decrease of the ad output 
with the increase of wavelength has been explained in the previous section. 

The positions of the noise held and the acoustic output for the different 
interfering sources are given in Table II • 
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T\hi.k II 

Frequency / in 'Muyn-cyc Ics, SL-r. and WavV'luii.ulli A in niLtic.s. 




\< uiistii' ( )iit [>ul "NLixiniii 


IiitertcriiiM 
Sum res 


(>.V- 1 


■’) --() ^lr M I ; 


-'U 


. f’* •> ! ^ - I ' \ 1 1 .s' i ' 1 1 ^ I ( 

:\i( N 


1 D, C. M-lr.r 

f )slrr C'(.‘ilinL^ 
fan 

] ( i . . C 

Jiin 

1 SprnRiu 

r{U’( t n"r Cn 

fail 


f — 

A 

f 

A -- 

f 

A 

I - 
A 






A ‘5 
' 7 
■1 " 
" ( V 


I _ o 

X.'.O 1 ,( 1 ^, 

.'S '' 

1 d 


\ '■ 
7 ^ 



1 


7 .S-<' 
I '« 


1(1 11 

iS 

\ u 
•’.S i' 
iP n 

I'i 75 

JC) o 
jS y<. 


The noticenhU-; fc'dtnies in tli'j le^iilts ^!lO\VIl in 'I'alilc II an^ . 

(/J 'i 1 ie inaxiina in Ihe noi.sL* fiulu hid not apiitMi m tlic haiiiL' \va\ t;k ipi^Ui 
or frequency rc‘^ioiis foi' all Ihe iiilei fenny soinces. 

Hi) Tlie niaxiina in ihc in nt. held anel llio^^-e in Uie aennslie onipnl were: 
not always at the same w avelen.',dli or fieqnenc> ley, lons lor a pailienlar 
interfering source. 

Tifn: 1 i'r:rT nh a R v i n c; TiiK si'j*!-!) or' T n [•: 

M o 'r o R s op r: i, p c r r t c a i. i n t p r i- i- k i< n ( ■ ic 

TIic experimental lesiilts slnwved tliat the rT noise held usually imaeased 
with the increase of llie speed ol the motors. In ceilain frequency channels and 
for some noise sinnces irregularities in this respet't weie ohserwd -c'Ven thouyh 
the experiments showing these anomalies were iierformed with the same decree 
of care and atlcntion. Sliecial mention should he made (»f tl;e V). C. motor. 
The oscilloyrams cf the current fluctuations in the armature of this motor showed 
secondary lluctuatioiis due to sparks across each i^aii of tlie ca/mmulatoi segments, 
besides the main fluctuation corresj)ondiny to the perii/dicity of the motor. VViili 
such a complex source of electrical interferenec*, ea ratie obseiw ations in res[*nM 
of the efl'ect of speed variation are to be exi)eclc(h 

h'ig. illustrates three sets of result-— one set with tlie ( )slei ceilinp fan on 
10 Mc. 's 130111 ) and the other 
two sets with tlie IT C.motor 
on q iMc./sand 5 Tvlc./s f75iin 
and 6nm.) respectively. 'I'lie 
obsei vations W'itli the (Islei fan 
on 10 Me ,/s showed a gradual 
incrcasG of the rT nojse field 
with the increase of speed, 
whereas with tlie I). C niotor 
on 4 Mc./s and 5 Mc./s, llie 

noise field at first increased and then deczeased with the increase of the speed. 
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i; I', •• O rs M' I' S I I' I) I |- S II]' Til Iv A 1< M A T U R TC - S K C T O R 
II i' T II li II 1 I' 1' li R K \ T Al () T (I R S 


,A RMUt uR C iEC TI^H 




'1 ijc I limit (lia^'j 'aiii of llu^ cxpei iiiiunlal arraiiL^enient is shown in 1^'ig. 4. 
A p.n t H iilar .11 matin or was placed 
iiisuics \vitli a iiictaldilin lusislancc 
olmiv and somelinu's too oliins) 3 
ijavin.u no iiulnclaiK’C and capacitx . 

Idle U\o ends oi llir c'ireuit wen 
connected lo the ontymt tenninals of 
a signal e.eneiatoi tlnoLipIi the knife- 
switcliesat citliei ciuk KeepiiiK tile 
iiipul \ollant,‘ (onsto'iut the alt( mating IM) 


To 

valve 

VoLTrlETtR 


Fr(n 4 

across iliL inelaMdni resistance was 
then tested by a vahe-voltnieter for A'aiioiw frequencies fioiii ilMc. 's lo 2^ Alc./s 
and m one case fioni .^S Mv /s to 22 Ale. s- d'he valve-Vf,llineter had a minor 
ivaKanomelei in the anode ('inaiil and the anode (mrrent was balanced with knife- 
switches mq I lUt with the power hLV of the sipnal generator off. W'ith the 
palvanmnetci key (tfl in the anode ciicnit of the valve-voltiiietcr, the power 
^ of tile signal peneiatoi was then switched on and the outinit voltage 
ladiusled at a deliinte value f(»r a particular frequency. 'Idle gal vammieter 
key was then closid and the ])ositi(m of the deflected light siiol noted, 
ddie power keN of the signal generator was then switched olT and* the 
chaiiLw 111 [losilion of the light spot recordeeb Similar [iroceduie w’as adopted 
for dilleient trccjiuiicies and caic was taken that for each frecjnenty tlie onlpiit 
reading of the signal generator W'as exactly the same, ddie chaiigL in the 
galvanometer delioctiun could be reguidcd as a measure of llie ] .1) across tlie 
metal-lilm resislam'e. When the impic’ssed frecjUency would he equal lo the 
natural li\ijueuc\ of the ciieuit containing llw armatin e-secloi of some in- 
duclaiice and self-eapacily , the cuireut through the c'iieuit would be maxiuiuni 
and so also the IMk ac'ioss the pure rLSislaiue. ddie i»eak 111 tlie curve showing 
changes of gahanometei defleetioii fca difleient fiLCiueiicics in the iireseiil 
exi>eriment would evidently c iiaide us to locate tlie resonance frcciucncy of tlie 
eiienit. < )nlside the legion of resoiianee, the IMk acic^ss the resistance would 
iiiciease with fre(]Ueiu‘\q since the resistance would increase steadily w ilh the 
inciease of fieqnmcx cd the II. Iw curieiU. ddie usnlls aie illustiattd in hdg. 5 
whic'li sIk'Ws the lesonanc c* peaks. 


Idle positions of the icsonaneF peaks are gi\en in d'able III. 

Consideiing tlie eiilire freciuciuy range fi 0111 75 Ale. s to 20 Alc./s, a veiy 
laomineiil peak in the \alue of the ratio of vertical to huii/ciital noisrc fields 
was obseived at 1 2 AK‘. s (25111.), Those i\ eie minor peaks. One in the region 
lAIc./s and another in the region 5-4 AIc./s, 11 is signiheant that vertical 
noisc-ficld inaNima appeared in these froi]Ucncy rc'gions. 
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'I'AIil.E III 


; 

h'lefiitencv 

lan^c 

f)l»scr\i‘d Rrsoiiancu ' 
j tret jitcncic.s ! 

i 

l'lT'(|nCIh N’ 
raiic;! 

1 lAfsitioiis of 

Noi‘'C‘*fKdd 

1 Maxima 

(t) D.C. tnulor 

.3 IM(\ to 23 
Me. 's 

1 3.S ainl i() 

1 ' Mc./s 

.6 ^ Ale > to „?() 

' Alc-/,s 

S ’s Afc. s and 
, Mt . 's 

(2) ( ).s]er fail i 

Jiiotoi 

1 .0 s to 

23 ]\I( , ,',s 

' 3 .s 1 M<'. s, 1.1 Mr 

ami 20 ^1(‘. , 1 

1 1 


1 1 s M( /f at><l : 
' Alt c 

(3) 0. K C. fan ' 

lilfftor 

- 

i "5 d ida 1 rrM>- 

liaif ri 

'• 

1 

, 3.5 Me. ^1 and 
'1 Ol 10 Mt ./s 

hl) SpraR;iii‘ nic(’- I 
trie C(i fan 
niuloi 

H 1 

1 M Ale S r.nU' 


1 .0 Ah ' b only 

{5) India fan 
motor 


■ 3 0 Me. o- ('id\ . 1 Hat 
ttMiti.inct* 

No tthst'i val ions 

' 


Tlic* uliservc'd poiiitioiis oi the iioIm.- field lu.ixiniii ;ik ;ilsii entered in Hit* 
same table I'or fomi>ai isoii- Tlie roniiiai ison, in« donhl, shew s snine con es- 
pondcnce between the noise field maxima and tlie ubc;sined lesonance Ire- 
(]Uencies. It is curious that tlie 1 ).C. motor, tlie fan nioloi and some- 

times the (islcr fan mutoi gave iioi-'C field-strengths in the same fieiiiieiicy 
regions, t/c , .P5 Me. /s and n Mc./s. The S|>iagiie Ivlectrical Co. fan did 
not, however, show' an> maxiimuii in (he high fiecjiuney region and theie was 
also no resonance observed in the annapire sectnr ciicuit in the same range. 
It is indeed ]>robabIe that the tliree motois showed (he ma.xiiimm noise field 
in the same freijneney region, because of the similar T-C - I't r ahie.s of their 
armature-sectors. It istherefoie much nioie than nn re s])ecu]at;on to say that 
the noise field peaks arc associated with the resonance lifc(]uencies of the arma- 
turc-.sector. In the case of the ('..ICC. fan, there was an indication of a fiat 
resonance peak in the region .j-.s I'lic./s only. 'Ihere was no ewidince of any 
resonance in the high frequency range. The resistance oi the armature coil 
of the ('..ICC. fan was fairly high (which would account foi its very low .sj-eed) 
and it is very likely that the high damping in the circuit was perhaps respon- 
sible for masking the resonance effect. With the motors used in the inve.stiga- 
tion, the lowest frequency where a ma.ximum in the noise field w'as observed 
was 3.5 Mc./s. A scrutiny of the noise field curves (hig. ij v\ill show 
‘bulges’ at 1.05 Me. s for the t )sler and the (I.ICC. ceiling fans and for the D.C. 
iviolor. 

'riial tliL* ohs^rvod rcsonmic'e maxima in 5 it^ionaiice 

‘jfTccls wiaL tiistcd in a nnnihei ol ways : 

* I’or a (Hffcrciit ’'^cctor of Uie at mrilurc, the f orn spoiHling rt'SfjD'UH'c-' w ( i c at 1 3 Mc'./s 

aijd 18 Me./s. 
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(i,i Wlic-ii the ui iii;iturc-hcctor was replaced Ity a metallic resistance the 
inaxiniiini was siiioollicd out. 

f.;) Wlicii ail additional inductance nv cajiacily was added in series with 
\h^: annaturc'Scct'a* and the nielal-filni rcMstaiice, the inaxinuim shifted in the 
1 iidit d irefdion . 

f/d I he evidenc'c of resonance was also obtained witli a difTei'ent circuit 
ananp.cnicnl. 

A typic al result slmwin^’ Ihe shift of the inaxiinum to\A aids the region of 
lower frc'cjucncics by insert inc, additicnial iiidnclance or capacity in series with 
the actual edreuit is illustrated in h'ig, h. 



D C.MOTort 



M H A s r K r: m it n 'j' o v r ii r: r a 'r i o o f t u ic 

\ N 1) T tl !• II () k T Z O K T A L F O M P n N' n N T ? 

N c> T s r: F I f: l d 


f: r r 1 c A L 

O V T Tl ]• 


The measured values of the ratio of the vertical and the horizontal conn 
lioncnts of the noise field in the case of the Osier ceiling fan for the three 
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frcquciiccy ranges arc showu in I'iy. K.,^aului,. this vtuial.MU ..f the mlio 
V/H with frequency, ihv fol^ 
lowing observaioiis can be 
made ; 

Over the entire frequencx* 
range from ,75 Mc./s to 20 
Mc./h, there was observed a 
very rjiomiiieiil peak in tlic 
value of llie ratio of vertical to 
liori/.ontai noise fields at le 
]\lc./s (25 m.). d'licreucre two 
other smaller j leaks, one in 
the neighbourhood of 1.0 ]\lc./s 
and the other in the region, 

]\Ic./s. It IS signiheanl that 
the noise field maxima appeared hho. 7 

ill the same regions. 

In the region of the lowest frequency under investigation, the lua'izontal 
noise field was about twice as great as the vertical held. As the frequency 
increased, the x’eitical held increased as conqiared with the lioi i/.oiital held 
and the two fields beeanie iieaily equal at 1 .i Me. , s d'he tw o hc‘lds remained 

fairly equal over the entire lange, Me ,s o Mc./s. (In llu latter j>art of 

this lailge ami in the hi st part of the high freiiueiic} laiige > Me. , y- '"j( . Mc./s, 
the horizontal field was Imwexer slightly in excess), foi still highei liequeiua’es, 
the vertical held predominated and at its liighest the vertical held was found 
more than (lonl)le the lion/oiital held. Tlie ratio V/II decreased, in jdi'unul^ 
as the sjjeed of the nmlor wms reduced. 

Tof) mueli emphasis eaiinot he laid on this sUidy. As the expenmenis 
were not carried out in an otieii si)acc, it was i>ossiI ile loi the aerial tr) have 
picked up reflected radiation from the walls of the loom. 

O S C T L Ty O (« R A .A1 S () 1* T II lx 11 1 O II I' 1< h V I'! N C V C O M I' o* 

Nn:NTS nr t 11 r- daaipko ix tmx c t r i c a ly (:srrLf\- 

T I n N S D U IC 'J' O S 1* ^ R K I) 1 S C 11 A K C r-; S 
I N T H lx n U ^J‘ O R S 

A calibrated w'avcuneler circuit containing a variable condenser and a 
suitable inductance coil was arranged with tlic criil [>laced near the armature 
segments of the motor under investigation. The eirenit pni ked up a particular 
frequency corresponding to the natural frequency of the circuit, from the various 
components of dilTerent freijnericics iwcseut at the source, and this was amplified 
by the H, T. amplifier. The oscillogram did not how e\'er represent tlie exact 
wave-form of tlie particular component from the noise somce. The damping 
of the wavemielei circuit introduced a certain modification in the original 
wave- form. 
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'i'ln.' usnlloL'jaius sliowcd that in Ibe range of wavdengllis Troni 150 in. to 
in., the aniplituflc of thu 
ilainj'od waves diininislied uitli 
the incicase (»f wavclt'JigUi as 
u(l\‘C‘l<:d by \’aiyiiig llic calil)rated 
(:o]ideiis».‘r ol tliu wa\'c meter 
eiKHut, A typical r)scillograiii 
intliecase of the 1)A\ moloi 
is shown in l'*ig. S. 'i'he 
natural irequeiuy <'f tlie. wave- 
nietei ( iuaiil in this ease was 
^S 5 Jil- 
in t‘<'nclnsi(m we 1 eeuid onr 
llianksto Mr. S. V. L’liakiavai ly P'j(;. 8 

for useful suggestions and ti> Pi of. vS. N. Pose f(^r his inteievSt during the pi ogress 
of the woik. 

Pnvsii s 1 a i’AK'i Mr n‘i , 

I)A(a,A I'NIM'.KsnV. 


Motor 
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INFLUENCE OF COMMON ION ON THE DISSOCIATION 
OF SOME STRONG ELECTROLYTES. FART I. 
SULPHURIC ACID AND BISULPHATES 

By N. R.AJL:SWARA RAO 

ih'c(riiril /(*r piibluathni, SipL ly, 

(Plate M) 

ABSTRACT. InlliuMUT t/f rouinvni i"ns on \hv iHsmu i.'iiii'iv. .T .MilpJunio at'id and Itisiil- 
pliates is studic'il by takinc; Hu- Rainnn spca h .i ol tlie nn\l !irr- of tlu sf )ltjl nan* with oHr'I 
acids wJiiRli supply In droL^cn ion^ and w iili nomial sulplhitos w lii( li Mipplv llio snlidiatt* ions. 
It was observed that while the adililioti of II i ms suppix -sc<l Hit dissociation in all Ihcsi' l ascs, 
the addition of the sulphate ions to the bisiilpluite sohili..ns In l['cd tiirthor dissi'n iation (d Hu* 
IIS()4 protluced on dissolving the bisLilplmte in watd . The latter lesult is in contradiction It) 
the law of iiia.ss action. 

INTE C)T) UCTTfiN 

Interesting ainony tliL' .studies oil llic clissoL'ialioii of slioni; Oeflrolytes liy 
Raman effect is the influence of commtMi ion on the lio.ssocialion of an eleetiolyte 
suggested by llibbcn (ro.v). lie oliserved llial a eoneeiitrated solution of ZuCI- 
gives a strong Ranian line of frequeney .;7,s wliicli is clunactei i.slie of tin. nndisso- 
ciated ZnCU nioleeules. As the solution is diluted, the line diniinislies in inten- 
sity obviously due to the dissociation of ZnCh inoiLcnli.s. But, when cAontoa 
comparatively dilute solution of ZnCh, NaCl is added, the line appears bright 
again. This was explained as arising out of the reforming of ZiiCIm moleenles 
due to the Cl ions which arc suiip'icd in almndanee by the addition of NaCl, 
This is a natural comsequence of the law of mass action. But, vvbcn be (.xamined 
the influence of the kation, by adding Zn.SO, the line did iiul increase in intensity. 
He explained the anomaly as due to the fact that m the latter mi.xtiire both ZnCl^ 
and ZnSoi are boiiioiiolar. .Similar investigations have been made by Venkate- 
swaran (io.cs) o'l other halides uliieli give Kaman lines. 

So far the expel imental result.s, eoiiccrning the iiifluence of common ii.n, 
arc found to be in agreement with tlie law of mass action. But as the .studies aie 
extended to Ollier strong electrolytes, to be dealt w illi in this series of inve.sti- 
gatioiis, they yield peculiar results which aic dillicult to understand, if one applie.s 
the law of mass action, even qualitatively. The iirc.seul i/apcr describes such 
investigations on suli>liuric acid and bisulphates. 

S U L 1* II URIC A C I IJ 

In a previous paper (Rao, 1940) by the author, w Iiere a quantitative study 
of the dissociation of sulphuric acid in different concentrations was reported, it 
was observed that while the first stage of dissociation into 11 and HSO4 ions is 



2H4 


N, Rajcswaia Rao 


rapid cvun in t-oia L-jitMtud solutions, llio furtlicr dissociation of IlvSi.)^ into 

H and is very slou, even in comparatively dilute solutions. This was 
explained as due lo the la);P- number II ions produced durinpi the two stages, 
wliieh theieforc fa\'mus reroml)ination of II and So ^ ions into HS(l4 ions as 
expected fjfjJii the law ul mass actioji. 

In the [)ieseut Vv'oi 1. tlie ilissociation ol sulphuric acid, as influenced by the 
addition of li ioiis, i^ sUidievl. IICI is a convenient acid for the su])pjy of H ions 
Ijueause it is almost cfj]ii]»letc]> dissoentLd e\'en at high conceiitj ations. But its 
addition to com'cntrated Ib^vSt lesiills in evolution of gaseous llCl. Hence it 
I aiiiinl be used foi studying the dissociation cliaracteristics of H^jSO^ at high 
(‘oueenliations, though (oi' dilute sniulions of I 1 .S(), it is found to be very con- 
venient. Il\t r, eannot l)j used as it gives a strong Raman line at 1050 which is 
siiiierposed u]Mjn the 1 u gs line rif 1 1 jSOj corresponding t(j the HSO4 ions, the 
intensity \'aiialiuii of winch is taken as the basis for the study of the disscjciation 
ot this acid, lienee, JlClU^was clioseii as the source of sujiply of 11 ions for 
(oncentratecl solutions oi IRSO,. This acid, however, gives rise to a strong 
Raman line at 0^7 whicli is broad and falls very ricai the 910 line corresjioiiding 
to the undissociated IRSOi molecules. Thus the study of the variation of disso- 
ciation of ll.St )) with adililion o[ is confined to the determination of the 

intensity of the 70,15 hue of tile IlSit) ion alone in the mixture and in the pure 
a(‘i(b 

inn tc. of (’oiH'julraled sulidiiirie acid 3oi\' are taken and tardivided into two 

0 

epual [laits. Tn one pari 50 cc. of loN is added and to the other pait 

5n cc . of w ater. The Raman spjctra ol the two solutions exposed under identi- 
cal coiiditioLis for e(pial limes are taken, and tlie intensity of the 1045 line in the 
two sj^cctra aie detci mined and aie found to lie 17.3 and 7.0 in the pure acid and 
llClOj mixluie, icspjclively. Hut the water content in tlic former solution is 
more than that in the mixture with lICK).,. So, the above comparison rcc^iiires 
motliricalion to one in wliicli tlie water content is the same in both. If U) the 
coiicciilialed s ample of I b;Si) i, only lliat anioiuit of w-atcr as is contained in 
30 cc. ol lieu )| (inN) is added, its uoimality will be 1 educed lo 23N and tlic 
con cspoiuliiig inteirsily ol Hk 10.15 line, calculated from the previous work of 
the aulhor on dissociation of suliduuic acid wulh concentration, is 12. fk 
'riiorefLue, it is ck\u that that the decrease in the intensity of the J045 line is 
inoie than is wananlcd by tlie smaller amount of W’aler in the mixture wuth 
licit >4 coniinicd to that witli i>uu: water and this should l)e attributed lo the 
decrease lu the dissociation t^f IRStX; biouglit about by the H ions supplied 
by 11CU)4. 

To study tile second stage of dissociation, 50 cc. of 3.6N sulphuric acid is 
taken and divided into two i»arls. To one part 25 cc. of concentrated HCl is 
added and to tlie other 25 cc. of water. It is clearly seen from the microphoto- 
iiictric curves a and h of Hie spectra given in Ing. i that the intensity of the line 
at oSo ccrrespoiuliiig to the ions is suppressed to a large extent thereby indi- 
cating that the dissociation of MSO is diininishcd in the HCl mixture. It would 
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have been iutercstinR to sec how (he addition of the hiMilphate ion influences tlie 
first stage of dissociation of Uie acid. Hut unfortunately, tin's is not inacficahle for 
the following reasons. Firstly, hisididiates di.ssolve hut to a small extent in 
sulphuric acid at laboratory temi»eiature. ySecondiy, even if it is possible to 
dissolve more at at a high tenii.eiatine, the bisulplute ion eontiibntcs to a small 
extent to the intensity of the oio line chaiacleristie of niulissociated IFSOj 
molecules and therefore it is not possible (.) distineiiish whethei the changes 
in the intensity of the oiu line is due to the chang.i in the dissociation of 
the acid or to that of the IlS'b ions, dherelore, no a(tein[it was made to 
test this. 

-V C I n S V L P If ,\ T It s 

It is well known that an alkaline bisulidiate is completely dissociated as far 
as its alkaline radical is concerned and the Raman spectra of its solution v\hich 
mainly eon.-,ists of -l lines at lOjS, igio, 50.1 and 1 1 1 is therefore due to H, St ), 
and vS( ), ions formed by the dissociation ot IlSo, ions. 'I'he line at 10.15 is 
attributed by all wmkers to the I 1 S< », ions, and that at oNo to St ions. The 
liands at 504 and .114 are chai acteristic (jf both the types of ions. .As the 
solution i.s diluted, the line at 1045 diminishes in inlk iisity, while (hat at oMo 
inci'cases, thereby indie, atin.g dissociation of IlSt), ions into S< and 11 ions. 
The elTect of the addition of 11 and St ), ions on the dissociation of llpt), in a 
solution of Nil, Id^O, is .sliulicd in IIk- follow ing' ay . 

A 3.4N solution of NH JlSt ),i is tal<cii and divided into two pails. To one 
part is added an c'ciual voluiiK* of loN HCl and to tliv other an v(lual vi)!uine 
of pure water. The Raman spectia of tlicse two mixliin'S^ vxjiosed fur equal 
times are taken under identical oondilions. Thuir min opliotumcliio cnrvvs arc 
given in h'igs. 2a and ah. Tlie sijcctia levcak-d tliat while the lines at 
and o8n are nearly of equal inteiisil}^ in the water solution, in tlie mixture with 
IICl, the line at gSu is very niiieli supjaessed, wljieli means that almost all 
the SO.i ions recombined with JI ions to form I 1 S( ions. 

To study the influence of ions on the dissociation of IISOi into So., 
and IT, the sample of the solution of NllJiv^O, is taken and divided into two 
equal parts. To one jKUt is added solid (NII.J^SC to satiiratif)n. 'J'liis resulted 
in an increase of volume of the solution. To the other jiaii is added tiiire water 
to make uj) to this volume. Raman spectia of the two mixtures exposed for 
equal times under identical conditions are taken, {since tJie qSo line in llie 
spectrum of the sulphate mixture is due to the SO, ions siipidied by the bi- 
sulphate as well as the snlyihatc, tlie intensity of the line only represen- 
tative of the I ISO^ ion is coiiqiared in the two solutions. Jt is seen from the 
Fig. 3/? and 31/ in Plate \'I that the lijie at 1045 is nmie intense in (he [luro 
bisulphate solution than in tlie mixture w'itli nuimal sulphate. Tliis means 
that the addition of tlie normal sulphate favours further dissociation ol tlie 
IIvSO.,. This result is confirnied in the mixtures of KMS( q I- (NITj).SO., and 
NH4HS04 + ld;ivS0, also. 
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111 lliis crmnection, one point requires elucidation. In the case of the 
mixtures witli HCl, the mixture and pure solution contain very nearly the same 
pioportion of water. Hut in the case of the solutions of j)ure acid sulphate and 
tile mixtures of achl sulphate and normal sulfihate, the latter contain less amount 
of wate r ami still the dissociation of H.SO^ is more in these mixtures than in 
Hk’ ciJiK spondiiij:.', ])ure solutions. It means, that the increase of dissociation 
l)t<)Li';ht alnuit Ijy the additional S( )j ions more than coini>ensatos the opposite 
cifei t ('aiiscd by the dccKrise in the i>roi)oilion of water. This is contrary to 
what is to be expected from the law of mass action. 

'rile possibility of complications arising out of the reaction 
11S( is excluded, liei aiise Raman spectra of solutions of normal sul))hates 

even ai Icr long ex[)osuiLS do not indicate even traces of the line 10.^5 corres- 
])oiiding to llu- I ISO., unis. 

'r o s M V r 

1 . d'h(‘ dissoc'iatinn of sulphuric acid is decreased by the addition of other 

electrolytes whic'h supply 11 ions in aimndaiicc namely II Cl and HCl(\i worked 
witli in the i^reseiit ('ase. 

'.r 'rile dissociation of IbSt )j into SOj and H is suppressed by the addition 
of electrolytes which supply II ions, HCl used in thepiesent case. 

V The dissociation of ITSO, into S( ), and 11 is enhanced by the addition 
of SO, i(nis supplied by a noimal suljihate. * 

It is well know’ll llial the law of ma^s action is applicable only to very dilute 
solutions of weak electrolytes. For concentrated solutions, the constant is 
found to vary with concentration involving the formation of less number of 
nndissocialed molecules. Hut a case tif enhancement 01 dissociation by the 
addition of (me of the dissociated products is not conteniiilated before. Another 
point of interest is the discrimination lietwecn the ions involving an extreme 
case of inapplicability of the above law which was also not contemplated before. 

I'nrlhci woik tm the in progress to permit of a generalisation as 

legards the dissociation chavai lerislics of strong electrolytes having an ion 
xmiinon to them. 

In eonehision, the author takes great pleasure in recording his grateful 
lliaiiks lo Ihx 1. Uamaki ishiKi Rao. under whose diiection thih» work was done. 

DM’VK'UM'NT (U' P!I\ SU'S, 

\m)Iik\ r\'iNiusrrv, (U ntck. 


R K 1' K R N C' !•: S 

Ilililieii, uj;s7, I Clicm. Vhys,, 5, : ir, 

N. R., uMo, hui^ /. 14, 143 . 

suai I'lii, C. S., njySf i*o>tx Jnei^ Actui. Sci.^ 2A, iiu. 
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EXPERIMENTS IN SCATTERED LIGHT. ANGLES OF FIRST 

MINIMUM 

By R. V. TAMUANKAR 

AND 

G. R. RARANJPF 


I Received juihlicuiinn , Srj>L j;, Kjj^ ) 

ABSTRACT, Stnrtiiig Avitli Mic’s formul;i, tlir distiihiilion nf itiiiTisily of NcatU-red 

in Die r(‘gi(»n uf (lie trailsniiLlcd dtiertioii li.is hei n stiidir d tlieon (ii ally fciii diop-si/es 
nf water \ ap air, L'r. , a-- 15, 20, ic and where a rqireseiit.s llu lalin ul tin* t'iirinniVi'enre 
of tlic droll to lire w.ivelcnirLh of tlu> li^hf used. TheiainM'Mi'ilii iliiillK'pn'sentinvcsli- 
gatiriiis was j The ealciilations leveal (hut a shaip ininiiinini of iiiteii.^ity exists in 

the range eonsidered and that it has to be as<‘ertaincd verv (' iretnlly. 'Flii ^ niiniimiin^ w hieh 
is here’ termed as ‘ the angle of the first niininnnn on Mie’s llu on' niav he euiaelaled will) 
the first order ecironn ringlfu tlic diop-si/es considered 

The t|ienreli(‘al results have been verified exjKTinu'ntally (oi the fir^l time, 'flic scattered 
intensity has been nieasiireil bv the use of a pludoc-hvlric (R 11 coiiijL il i\ ith a suitable mnpli- 
fieation tirrangcincnt. The results have been compared with TMii ’s theoiy and also with the 
first fM'der corona rings A fair agrcianenl i>s found to exist in lht‘ eases consideK d 

f)f all the iiiethocls so far used for iiicasiiring the instaiilam-ous si/e of fog 
droplets, the corona ring nielhod is wry conveiiieiil. Hy apfdyiiig Bahinet's 
principle the fonnnla 

sin 0 — (n + 0.22) ^ 

;'n 

is obtained, giving the relationship l)etwccn the average radius of the dro]»s in 
the cloud, the wavelength of light and the angle subtended by the nth dark ring. 

The theory has been studied l)y C- T- R. Wilson Aitkcn (ibgo-Qi) 

and (1892-93), Hricard (igysS), Rayleigh figii) and several others, who found 
that it gives satisfadory results. While 'Mecke (jg2o) asserts that the theory 
fails to give reliable results for drops smaller than Mitni (1028) confirms 
Meekers view and reveals the oscillatory nature of dillraction pattern by means 
of photographs in monochromatic light. Recently 'J'. A. S. Ralkrislman (ig^iO 
has pul forth, following IMccke’s and Mitra’s views, a correc lion to the theoiy 
of coronas on the assumption that the droplets in the cloud are transparent. 
Paranjpe and Lajaini (1039), have Iheorctically compared the angles of the first 
order corona rings for various drop si/es with the angles oi first minimum in 
the transmitted direction on Mie's frgoS) theory. 

Theoretical calculations for scattering by the apidicathni of Mie's theory 
at very close intervals for any drop-si/.e in the transmitted direction, near about 

7— 
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I Mo' , liave revealed the presence of a sharp iinniniinn of intensity in the scattered 
lielit. Thus niiniinuni differs fur different values of o wliere 

Ciiciiinferonce of the drop 
Wavelength of light 

This ininiinutri of intensity is heie termed * the angle of the first miniiniiin on 
Mie's theory/ 

Del.iiletl derivalion rd Mie s funniihi is treated in a pa[)er hy Paranjpe and 
I/ajanii fiujd). It is only necessars' to indicate here the final results. 
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where Ji and Jo are intensity ('oint)OHents of scattered light polarised in hori- 
zontal and Vertical planes, A the v\aveknglh of incident light, and 7 the distance 
(»i point of ohservation from the centre of tlie scattering particle, d'he factor 
A 

— l)eing constant the values of }] and depend on ! Mod ; - which may he 


tenned as Ii and lo. A„ and P,, are complex functions depending on (f) the 
radius ol Ihu particle (//) the wave length of light used for scattering and * 


(jjj^ I R* f. of the material of the particle 

U. 1. of the snrrouncHiig medium 

Aifj and 1*^ are calculated Iw evaluating series of CfiefTicients in teimsofcylin 


drical tunctioiis depending cm cx and Ii wlierc fx= and rr „ and arc 

A 

fuiiclions of the scattering angle 0 derived from v^cos 0, 

111 'I'ables 1 and II heluw are given results (d calculations of angles of first 
miniimnn on Mie’s theory lor scattering in the transmitted direction (tt-t®) for 
two droj ► sizes o(“ 15 and i().S. 
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Tlichc valiR'S are ploltcil in iM'g'. I . Wc sue from IIk’ llginv (liat the .ingles 
)f (lie first niininunii for tlic eases considered arc : 


1 M t iji ^i/i s It - I 

ft i^s« I'’ .V’' 

ft I'f.N 2 2 ..\ j 

It is of iiDiiortaiK'C to 
ol)scive‘ that llicso ant'lcs n—r 
arc icaliy the ajiylcs of lust 
niininiiini as measured fiom 
the transmitted direction 
and that tliere exists no otlier 
mmiiiumi in that inten^al. If 
vSiillicieiitly sinail intervals are 
not taken both in tJie theoretical 
and experimental work it is 
likely that tliis lirst older niiiii- 
mnm may be missed alltigetlicr 
and the Inghei order minima 
might be mistaken for the first 
ordei one. 

Ray calculated im 

tensities foi /i- jb on 

Rayleigli’s theory and found out the angle foi the first minimnm near about 
77— While Paraiijpe and Lajami (jf)3()) ealcnlating intensitijs at smaller 
intervals fur tile same case according to Mic\s thcoiy found out llie angle of llie 

first minimum near jiboul tc- i,!® and the angle of the second mininuim near abcait 
77 — 27"‘3n' Considering the alwve results it appears Unit Rays vidue, namely 
77 — 2" i)\ should be in reality the value of second miiiiniiim on J'tayleigh sllieoiy, 
particularly since Mie's theory and Rayleigh’s theory do not dillei so widely hriin 
each other (vide Note by i\l. M. Paranjpc, ip.12). It Ray had calculated 
intensities for angles between tt — o'" and tt — 27''3o' he would have probably fouinl 
a ininimum between rr — and rr--27'^'3o' and that too at about 77- i,] since the 
angles of second miniiiinm by the two theories ajipeai to be Die same. 

The following method may be employed to find out theui elically the alights 
of the first niiiiinium. In Table III, Ii ami Iq given seiiarately. Ii and lo 
each consists of a real component and an imaginary component, which wlien 
squared and added together give Ij and I2- 
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A cartful cxniniiialinii ul the al>ovc I able reveals Uie following ; 
I'or Ij 


(t) Tile 1 eaJ Lenns aic smaller Ilian the imaginary uiies ni) to 
'Die s(iiiares nf llie leal terms would be tliercfoie smallei Ilian those of the imagn 
nary ones, and thus it can be seen that the x’alues of Ii in the interval 77“ o' 
and IT — 17 /^o' <lei»end mainly on the values ol the imaginary terms. 

(::) The imagniary terms of decrease gradually in magnitude from 
— 151.7 at TT — c'’ to —3.1 at n““i7\.;o'. At the (imaginary) value is 

I 1. 1. It is deal from this that the imaginaiy values pass through /.etc and 
then (diaiige tlie sign at some point in the interval 7r“i7"-’3o' and tt- 

(3) brom 77- the real (juantities for 1 1 are greater than the imaginary 

ones. Hiis state continues thereafter, indicating that li has passed through a 
change in the vrdues. 

I' or lo 

(1) 'J'he l eal teiiiis in lo are also small as compared to tlic imaginaiy ones 
till about 77— i5'’5i'. Tlie total value oi Jo can be supjioscd lo be due, mainly 
to the value of the imaginaiy (juantities in the intcnal 77“o'" to 7 t-i5"5i'. 

(.:) The imaginaiy tei ms in decrease continnoiisly fiuin ! 151.7 at 
/T — o' to -f 3 .6 at “ es'' .w'- Tliey pass through zero and ('liaiij;^c in sign from 
1 3,0 to - 23M sumewliere in tlie inteival between and r. -27"'^'. 

(3) Hut it is seen that the prejiomlereiice of imaginary values over the real 
ones ceases at 17 ''30^ wliere both the values aie almost equal, viz., -i-6.S and 
36.7. iMoin this jioinl uiiwataU^ the leal terms are mainly responsible for the 
values of I *2 . 

These inferences show clearly that the values of Ii and 1 2 decrease gradually 
in tlie interval 77-0'' lo 7T“i7°3oh 

Somewhere near about 7r“i7‘'3j' they pass through a initiitnuin. Since the 
total intensity is equal to Ii 'r In it is clear that there is no minimum in the range 
rr — 0® to 77“ except the one investigated iireseiitly- 
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Ollier eases can be \\’urked out similarly. 

11 

lixpcrinieiilal determination of tlie intensity o[ scattered in Ilk- fniwaid 
direction was made for various sizes of tlic drop iisitm nionochromatic sodium 
light. Scattered light was made incident on a plioloelecti ic I'cll whicli could 
be moved freely to any desired angle. A new pliotoeleclric amplification circuit 
was specially designed and constructed lov nieasuiing very feeble intensities in 
the scattered light. The amplified current was taker propoitional to tlie intensity 
of scattered light. Readings of scattering were taken at intervals of about 
round the cloud cliamber by receiving the scattered light on the |)liotoeeIl placed 
at the desired angles for the clouds of required particle size. 

Great difliculty was experienced in finding the* ])osition of the miiiiimnn 
of intensity in the transmitted direi'tion. The scattered light in this legion is 
superposed on the difliradioii rings and also mixed with direct light and the 
light diffused and rellccted by the glavSs of the chamber. The imficleiit beam was 
therefore cut down to a very narrow jiencil which reduced tlie cliance of getting 
pronounced corona rings and also kept out the direct and tlie diffused light from 
falling on the photocell. 

Results of scattering in tlie forward diiei'tion are given in d\il)le IV and 
tlieir curves drawn in Fig. .2. A refer. 
ence to the figure shows that the angles 
of first minimum are not so well defined 
as ill the cUvSes of otlier minima. In 
fact tlie miniiiiLim is only to be suspected 

40 

in vsome of these cases. The folhnving 
procedure is adopted : When intensity 
values for consecutive scattci ing angles 
are very near to eacli other, that is, the 
ratio betw'een these consecutive readings 
is niiich less than tlnrse of the picceding L 
and succeeding pairs, a miiiiinuin is J 

z 

buspectccl soiiiewlicrc near alxait llial 
angle. Tlie reason for lack of .sharimcss 
in the nature of these minima is that 
there is a vast amount of .scattered light 
in this region, since forward scattering ® 
is much more prorniuent than in other 
regions, There is besides scattered light, 

a large amount of extra light in this '’\N6it«''swTT«K'iN<i •- 

region due to reflections and icfractious Pig. a 

of the incident beam of light by the glass of the cloud chamber. 
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Ju : llic cm Wh ai e ilrawn both for theoretical and cxpennieiital values 
of tile chops a — i^s, JO, 25 and 30. 

The cm ves arc seen to show a fair a;^rccinent between theory and expcriinenl. 
liclow is ^iveii a table showing a coiiii)arison between the theoretical and 
ex i'eri menial data. 
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(1) Angles of first inininumi obtained on Circular Disc theory 77-v,, (2) 


angles of first mininumi calculated on -Mic's theory and (3) angles of 

first uiiuiinuiii obtained experimentally 
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TAni.i; V 
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(Results markicd with asterisk arc takrn rn.ni calculaiii^ns bv l^aianjpc aial bajauii ) 

The alK)vc values are plotted against o in Fig. 3. 



Fig. 3 

The curve ;r-v; (Circular Disc theory) is a regular cur\e showing a sine 
relationship bet v\ ecu “ and the angle of the first ininirnuni. 

This curve -"v, shows that the value of the first ininiimiin rr-v increases 
as the drop-si/.e decreases. This result is i.erfeetly in accordance with the 
Circular Disc Theory. 

The curve --v„, (Mie’s theory) exhibits the presence of a well defined 
uiaxiuium at '< = 15 and a defined niininuun at These reversing 

points cannot be accounted for but it :ipj)ears probable that the eiiive 
ff-v« may exhibit more maxima if a sufficient number of points arc plotted. 
It is seen from the figure that n-v„ crosses rr-v, at a = i6..i and at 
d-.i4, the two curves draw closer to each other at -*=--30 and may cross at 
0=33, if both of them were produced beyond 30. It thus appears that 
•he curve is of an oscillatory nature interlinking itself with the curve 

!r — i.y l)y crossing it a number of tinies. No defnrite conclusion can be drawn 
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from this l)Lliaviour hecansc of the meagre data avai^al)le. If an oscillatory 
nal nt'j is to assumed for and its interlinking with ,rr — this might 

lend sni^port to the natme of tlie correction to be applied to the theory of the 
conaias as derived by Balkiishnan r//.), wlio concludes that the correction 
to thc' Circular Disc theory is of a {leriodically oscillatory nature. 

Tlie curve 77 ““ IV fJi\i>erimental) drawn with the points available appears 
to bu of tlu! same nature as tt — v,,,. It is seen that both these curves are almost 
liaiallel except at m ~ 30 where the experimental value is much higher than that 
cx()ected IheoreticLilly . In other respects llie curve apiiears to be identical 
w ith except llial it is latcially shifted to liighcr values of tt-v. It was not 

l)f)ssil)]e to extend the exjiei iinental verification below n — 15 because of the 
experimental limitations. If it w^ere possible a complete relation l)etw'cen 
77 — 'and r: i\. could have l.ieeii established. 

Judging frcmi the results available, it can lie concluded that the theoretical 
and the experimenta! curves for angles of first miiiiimim aie almost identical 
in nature and it may lx* said that tlicy agiee coiisideraldy wdthin the limits of 
thc i^xperiiiicnlal errors, 'fhe experimeiilal values ajipcar to l>e slightly higher 
than the theoretical ones. Hut, in general, deviation from the theory is such, 
as W'ouhl be accounted foi l)y considering the difficulty in spotting out the 
minimum experimentally. 

It is thus possible to employ ]\Iie's tlieoiy as a inetbod of determining the 
liarticle si/e of la^ge w^alei droplets. Thc method is found to be capaBle of 
giving reliable lesults in the range i/a to .pv 

'flu* above discussion leads to another impoitant conclusion, namely, that the 
'v'irculai Disc theory is certainly not as defective as is ihouglit by Mccke (loc, cii ^ 
wdio concludes that the theory fails to give correct results below^ 4 /la. In the 
present investigations dio[)-si/es considered were between i/a to 4/i and the 
results are found to agree with those on jMie's theory, and the method can be 
used as a fair estimate of llie si/e of droplets considered. 
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EFFECT OF TEMPERATURE ON THE ELECTROLYTIC 
DISSOCIATION IN STRONG ELECTROLYTES. 
PART 1. NITRIC ACID 

By N. RAJESWARA RAO 


[Received for ptiblication Sef>tcmbei ly, iqi^) 


(Plate VII) 


ABSTRACT. IClcctrolytir dissoi iatioii in iiitrii' iiciM is slmlied at vaiioii.s roiirentratiuns 
and tciiiperatiirc.^ by the nic('Iiaiii.sni of Raman elk et Tlu tley^ree of di.ssoiintion (•{ tlie aeid 
at variou.s temperatures i.s I'aleulaietl by ccjinparinj^ the intensity of tlu- line of Raman fre(jiu‘ne>' 
loyti with tliat of Raman frequeney ijon in the Raman speetra of the aeid at these t(Mnperaluies. 
It ivS found that the dissoeiation of llie acid deei eases with increasing temperature. 


1 N T R O 1) Ti C T I 0 N 

It is well known that thu condticlivity of electrolytes increases with tem- 
perature. This increase may be due <o (i) the increase in the ionic velocity and 
(^) larger ionisation of electrolyte. mere study of the conductivity of the 
solution which is a function of the alwvc two factors at different temperatures 
docs not, therefore, give a dircs'l indication of how the degree of dissociation 
varies witli temperature. But a study of the Raman spectrum of tlie electiolyle at 
different temperatures gives, in suitable cases, an idea of how it varies, as the 
intensity of a Raman line is directly proportional to the ion giving rise to it. 
The first attempt in this direction was made by Koteswarain (1938), who, on 
studying the Raman spectrum of sulphuric acid at 30 C and 200 C, concluded 
that the acid ionises more at 200 "C than at .^o^C. Ihe present work describes a 
similar study in nitric acid. 


l' C T f) R S T O D I-: T A K K N T N '1' ( » A C C 0 ti N 1 IN 
T II F, I) 1 .S S O C I A T I O N ( ) F Til I'l A C I 0 H Y T II I S 


S T if U Y I N 0 
M F T H 0 D 


The Raman spectrum of nitric acid consists of two sets of lines correspond- 
ing respectively to the NO3' ions and the undissocialed HNO* molecules, ihe 

line of Raman frequency 1050 is the most intense of the first set, while that 
of Raman frequency 1300 is the strongest of the second set. It was first 
observed by 1 . R. Rao (1930) that as the concentration of the acid is decreased, 
the first set of the lines brighten up while the intensity of the latter decreases, 
therby showing that the acid progressively dissociates with increasing dilution. 
The first set of lines were observed in the spectra of the nitrates also. It was 
also shown by I. R- Rao (1934) tliat in the case of the alkali nitrates, tlie mteii- 

8— 1455P— V 
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sity of the K)5n line is proportional to the coneentration, if the Raman spectra 
for different solutions are tala u with equal limes of exj^osure, thereby showing 
that they are completely dissociated at all concentrations. In a paper published 
by the autlior, (Rao, N. R., i94f) in whicli the details of tlie calculations are 
given, this result was made use of to calculate the actual degree of dissociatiou 
of the acid at various concentrations, l)y coiupai iiig th^^ intensities of the 1050 
line in the spectra of the nitrate solution and the acid. 

'I'o study the variation of the degree of dissociation with temperature, one 
may be tempted to assninc that the relative intensities of particular Raman line 
in the spectra taken with the acid at diffeieiil temi>ciatures are a measure of the 
relative proportions of the radicals giving rise to this line, similar to what was 
done by Rao (rq^i) while studying its dis.s()ciati«>n at different dilutions. This 
is justified only if the specific intensity (the intensity corresponding to each 
moleculcj f)f a Raman line is indc])eiideiit f»f lein[*cratni e. Hut, it is well known 
that there is a variation of tliis intensity according to the formula (Rohlrausch, 

1031)- 

r — hdl' 

ly cr_ 1 - r 

Thus, a correction is necessary for this variation, to obtain the correct 
value of the intensity of a Raman line as a function of the number of molecules 
giving rise to it. ^ 

This correction is, however, eliminated l>y the author from the following 
considerations* What is required for the estimation of the degree of dissociation 
is the latio of the number of the dissociated to the total nninl)er of the molecules 
of the acid. As was already pointed out, there are two promiiienl lines in the 
Raman spectrum of nitric acid, niie of frequency 1050 and the other of 1300 
characteristic of N()3 and the HNfO., radicals respectively. As the temperature 
of tlic acid is increased, the ratio of the intensities of these lines varies. This 
variation is taken as a measure of the change in the degree of dissociation. 

Hut this is justified only if the variation in the ratio of the specific intensi- 
ties of the lines wnth temperature is very small as otherwise it cannot be ascertain- 
ed as to wdiat proportion of this variation in the ratio is due to the change in 
the relative abundance of the Nt r, and the HN( I3 radicals and-wdiat due to the 
intrinsic change in the specific intensities of the radicals. 

Let be the intensity of the 11)50 hne and Lfi ' that of the 1300 line, 

then 
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Sincu e ^ is small compared 1o i, 
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Now the expression r ^ c wliicli is a difference between tno 

small quantities that are nearly equal, is much smaller than the individual 
expressions. vSo, the variation of the ratio of the specific intensities of tlie lines 
is much smaller than their individual variation witli teinperalurc ami it can 
be safely assumed that the ratio of the specific intensities of tlic lines imdei 
question is independent of temperature. 'I'li is is borne out by the ex])ei imental 
investigations carried out in tin's laboratory in the case of many substances 
and by the (juantitalive measurements of the intensities of tlie lines in crystals 
made by Venkateswarln (1042). So, any variation in the relative intensities 
with temperature must l)e clue only to the change in the relativx^ alnindaricc of 
the radicals NO,; and IIN( and the assumption, on the basis of wbicli the degree 
of dissociation is proi)Osed to lie determined, is justified. 

Now, for a fairly accurate determination of tlie diss(»ciati(m of the acid 
by determining the relative intensities of the lines T050 and 1300, the lines must 
be of the same order of intensity. Hut, as the eoiicmitration of Iheacidis 
decreased, the 1300 lino characteristic of the undissocialed molecules, falls off 
rapidly in intensity and below a concent rat ion of about toN the intensities of 
the two lines are far different from each other. Therefore, solutions of concen- 
tration below toN cannot be studied by this method. Above about t 6N, the 
acid gels very much coloured even by a slight rise in tlie tempciaturc. 'I'hcre- 
fore only concentrations iiiterniediatc between these two limits, t.<].5oN 

12.5SN and 10, 5N are chosen for investigation. They are studied at three 
temperatuies and oo^C. The .solution of concentTation i::.3bN is 

studied at 5°C also. 

\ P p: R T lU K N T L 

The experimental arrangement is the same as that described in a previous 
paper (Ran, N. R., 1040). To study the acid at higher temperatures, the copper 
jacket surrounding the Wood's tube is healed by a Imrner and the rate of flow’ 
of water and the gas adjusted to get the required steady temperature varying 
by not more than 5''. To work at water cooled f>y large quajititics of 

povvdered ice in a trough is siphoned into the copper jacket. The mist con- 
densed on the face of the Wood's tube is found to drain off as quickly as it is 
formed if the face is cleaned absolutely free from grease. 

The intensities of the lines 1050 and 1300 are measured by tlie usual 
method and the degree of dissociation calculated by the following method' 
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It wns sin^f^esled in a [novious paper (Rao, N. R., loc. cii.) that the absolute 
degree of dissociation of the acid can be calculated by comparing the intensity 
of the 1050 line in the spectrum of the acid with that in an alkali nitrate solution 
which is assumed to he completely dissociated. If I is the intensity of the 1050 
line in the spectrum of the nitrate of concentration c gin. moles, per litre, then 
I / . is the intensity corresponding to one gm. mole, of NO.s ions. If li, is the 


intensity of lliis line in the acid, then 1 1 / ^ ^ 1 gives in gram-molecules the 

nutnhei of Nn . ions in the acid. Subtracting ui from the total number of 
acid molecules, the nunilier of undissociated IINO;^ molecules M2 is obtained. 
While 1 1 ///i gives lire specific intensity of the I2/ ''2“ ^ gives the 

specific intensity of the II N< f; molecule where I2 is the intensity of the 1300 
line and the iiumlicr of undissociated molecules. Knowing I], I2 and mj 
and Mo for cnie of the concentrations of the acid {alb} is calculated. Then, the 
degree of dissociation 


a — 


K... 
Mi a- M2 



Now, i( was shown previously that (a/ 6), the ratio of the specific intensities 
can he assumed to be indciiendent of temperature. It can also be easily seen that 
it is iiKleiicndeul of concentration of tlie acid or of the time of exposure, it also 
docs not vary even if the solution is .slightly coloured, since the lines are very close 
to each other and it can be assumed that both of them will he absorbed to the 
same extent, t )iicc this ratio is determined for any one convenient concent ra- 
tion, the value of for any other concentration can be calculated from the 
ratio Ti 'Ki tor this coiiceiilration. The advantage of this method is that the 
speclia of the solutions of the nitrate and the acid need not be taken on the same 
plate, every time llie degree of dissociation of the acid of any particular concen- 
tration is lequired, and it docs not matter even if the acid is slightly coloured. 
But, the value of tliis ratio (a/ hj thus determined is subjected to a small error 
for the following reasons. The intensity of the 1300 line falls off rapidly on 
dilution. Therefoie, only concentrated solutions wdiich cannot be obtained in 
a perfectly colourless condition must be worked with, and while comparing the 
intensity of the 1050 line in the acid and in the nitrate .solution, an error due to 
absorption in the case of the acid will be incurred though this error is very 
small and can be practically neglected, compared to the inaccuracy involved in 
the determination of the intensities of the Raman lines. But the absorption in 
the case of the 1300 line does not bring in any error at all in the calculation of 
the dissociation as what matters is the relative al)sorptions of the j 050 and the 
1300 lines. It is found by a seperatc experiment that the two lines are absorbed 
to the same extent. The intensities of the 1050 and 1300 lines are determined 
and the corresponding values of <x for different temperatures are calculated and 
given in table T 
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Taw.k J 

Peiccntage degiec* of dissociation a at x anous teiupcratures and concen- 
trations. 

Teiiipcratiire ! 


CoucculratiDii j 
ill N. : 



i)n‘ ( 


1 1 

! 9 ..S ’ 


i:;i.S8N 

I 

I.s .s 1 

10,3 

10. 5N ' 


1 

30 n i 



The dissociation of llic acid of conceiitnUion i at is found to be 
-•■g.6%. 

1.) I 8 C H S R I o N 

It is clearly seen from tlic tabic tliat the di.ssociation of llic acid decreases 
witli temi»eraturc, probably due to the decicase of dielectric constant of watci 
with temperature. 'I'liis is clearly deinoiist rated in the microphotonictiic records 
of the spectra of the acid of diU'ereiit cot icenti-at ions at different temperatures 
reproduced in Plate VI 1. As the temperature of the acid is increased the line at 
1050 Riadmdly decreases m intensity wliile that at 1301. correspondingly gets 
more intense- 

But it is well known that the conductivity of the acid increa.scs as its 
temperature i.s raised at all concentrations. 'J'his increase inu.st be due to the 
large increase in the ionic mobility with teiniieratnre which more than compen- 
sates for the decrease in the conductivity due to the decrease in the dissociation 
of the acid . 

In conclu.sion, the author wishes to express his grateful thanks to Dr. 
I. Rainakrishna Uao under whose direction this work is done. 
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A NOTE ON DIRAC EQUATIONS AND THE ZEEMAN 

EFFECT 


By S. N. BOSE 

AND 

K: BASLi 

(]\ Cl rivt'ii fo) publication, ScpL jp, lo/,-;) 

ABSTRACT. A new Ircatnitiit has hoen for .soUiiif^ Dirru 's c‘(jiin(inns foi Jiytlro- 
gciii(' atoms, and llie radial funetions aio t‘X])rcs.scd in teiins of a coinliinalion of Soniiu \s 

I'jolynoinials J ^ (p), ^ i fp) of only (wo (‘onsfonlivcMlc^rees n— i; and llir i’leinrntar\ 

propeitiefi «»f such polvTioniials have enabled us to bickle Hie Zeeman t iK-el iinddeiu in j^enual 
(homogeneous fiidd) loinliiig to the standard i|u;nlrali’c e()iiation in enei^»v ba Hie etfeel 


T. With the help of the tvvo-diniensioiial matrices .sy,, .v of Pauli, llie 
wave-equations of Dirac can be put in the well-known matrix fonn : 


(i.i) 


hr 


E-hKo + 


Zr^ 


X + DV-o, 


hr 


E~Ko + 


Zr 


Y -f 1)X = 


wdiere D is the operator 


c) 

c'.v 


I V./ , V ' 

+ .s» -A- + . 

Or o: 


If, similarly S- v.s'.v + ys„ + r.'.S 5 , and .s'= M-v.'ir + y'ii-H c.Sr), then 

/ 


S. D.'^r^ +L, where Iy“<(M*ST + M«.s„ + M«.sa. 
dr 

And the following connmitation rules can be easily deduced : 

sih - l) H- (L- j )s o, D(e - l) + (L - J )D = o ; 
also -s® h: 1 . 


Hence multiplying the equations on the left by S vve have 


(t.2) 


I 

hr 


!{+ Ivo + 



8X + 

r . + J 

r 


t/r 


I 

hr 


r r 4 

h-1‘,0 + 

vSY + 

r + 1 

r 


dv 


Assuming X = 


Ml 

Ms 


l(r)q,. Y_ 


gU) 


Y+ 

x + (e-i)x=n. 

'I' where ']' are similar one- 
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coliunu matrices and functions of {0, 0 ), the equations can be rewritten as 


(i.d 

J/f.) 

\\ 1 


,<|, dgU) ,,, ^ 

^U) 

(r,-T)'i'=o, 

hr 


r 

d r 

1 



'■ A'(r) 

I 

-f:„ . 


I'r) 

(F ~ I ]d’ = (). 


hr 


1 

j 

V 


The equations become easily sepaiablc if the matrices and are so chosen 
tliat at first (L— and = and as ^ i, it follows tlicrefore from 
comnmtaliou rules that 

- .oV and (L— 1 ) 


We observe at once that I^(Iv T)'r^ — - , v\’here 

1 6^ 




c,' / . f'/ \ 1 ^.2 

,} SJl 


0 


sill ^ (<f^\ r\ 0 j sin'*^ CJe//^ 

and therefore A' can be eithei a imsitive or a ne^*ative inlei’cr. 

Secondly, if (‘l>, 'h) are the matrices for ijositive k, then f'h, d>) are the 
matrices for neij;ati\'e h\ Also leinemberiim that the operatoi 


r» Q 

M - - 3' 

ov oa 


H ‘ 


connmiles with the equation-systeir., the angular 


malTices can be expressed in terms of spherical harmonics of order A* and /v ““ i 
in the following foim : 

IPs 


k + )\i 


\ v" . , 


(...1) 


I V - I I J 
:/o-i 


: \ 




JH 


ik t 


k 


/ic -V m + 7 , 

2k I- 1 /. 


(A’, a positive integer) 


wlicre v'/= V 

tv 


/2k+l Jk-/^)\ 








ciM’ 

n/2- 


(a =cos 0) 


The functions are interchanged for negative values of A\ Writing /(r) = tF(r) 
so as to remove the imaginary from the radial equations, \vc get 


(i-s) 


(/r » 


(/F _ /,F 

(/ 1 ' r 


1 

hr 


f:; + ii„ -I- 




n ■ i-:„ h 


Zr2 


F-o, 




'I'o solve tile e(|iiations \vc airsiinic 


U’.i) r' = /o'- ^'»'‘f,(,). ( 

\vheic Zi:*/hr ==n. 


^,'0' 


r^'A'r,fr), and N = «F/(F::'5 




J 



Note on Dirac Equations and Zeeman E^ect 303 

Substiluting in (1.5), 1 * 1 and (.j are easily seen lo satisly the followiiu; 
equations: 


(2.2) 


dr 


-AG , + AF, + + U) I"'' =c., 

1 ' r 

An , t a(m - b , - (ho ' h) ’ =^(>. 


dr 


U 


(2.3) where -a-;o-F),hrA= - V and \d 

Iv„+I', hr J 


If Fr 
equations : 

1 ( ri — 2X‘i G 1 

~l’|- 2 \ , elimination leads easily to the follow ing 

(^^4) 

d'\ 

*■ ^ 

( 2/1 ' I -2A,J'') , 2A(N-,.)x^--o, 

d / 


r^/X 

ch 

-(N-/*)x^-(n -A-. 

/ 

provided 


-,«2 = N2{i,;2_i;aj , j;2^„2 


Taking the hrsl equation it can i)e easily seen that it admits of polynomial 
solutions if N - /A = ;/ (an integer). MTituig p foi and writing a vSoniue 

polynomial in the fonn 


(0) ^ 




11 _ )t{n -I- 2 /«l »l - I l/fll — I )()l + i- — 1) )l- 


1 ! 


r -I 


(2.0) 


' d/>^ 


I ' P ' 


with constant so chosen that it is norinali/ed according to 

/'%-/> 2/., 

do » 


\vc get I , { « i 2/1 T-i)}'^. 


Hence it easily follows that ,\' mid x will have solutions as given below : 


^2.7) 

(2.8) 


= 4 N-i-':i'--/oVT<:)(,.) 


/ 


li 


r=fi|^ N ji*' 


N — 11 + /* = 


V 1 - e 'l'' 


li 

I '.I 


where the normalising factor 6 is to be detenniued presently. 

Our radial functions of eqs. ^2 .j) stand thus 

U. 0 ) F = -S Y‘ / (Ng-^yTlr’ + 
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X or mill i sat ii )ji i ciiuircs 




J (H'-* 

_ a/^ 

V 2N Ko* 


VVc can write llie two solutions (A) and (B), c'oiresi ponding to iiositivc and 
negiitive values of Ic respectively. 


!«i 


(A) I 


V l‘+P , hir) 


i>a' 


'\/ 2 A i I r 


(r) 


vr 


i 'y 2/.’— t r A-i '\/ tA 4 I 1- A 


fn) 


74- ^ /A-/' , /-(r) y/i /A-l /c ^,'_(r) y/i 

'\/2A + i r A’ 'y jk — i r A-i 

■c.»- * /''''±A + ^ ^ _ /A-/1-1 g-(r) y/i+i 

" V 2A+. r 'a ' V r ^A-i 


wlicrciii it is uiHUTStood that j- and are obtained by changin^^ tlic sign of 
/v’, in llie expressions for F and O in (i,5)al)Ovc. 

When the atom is in an electromagnetic field defined by the vecior- 
polinlial (A.tA^/Aj, the I)iiac-e(iuatioiis become 


i 

hi 


i 

hi 


K 'I l<(p 


Zc*-' 




Zr2 


X + 1)Y I- *' AV = o 

he 


Y-i DX^ / AX-o 


he 


\vh el e A f | A .r r + A « .v „ “I- A ^ a’ t ] 

In lliu case of a conslaiil magnetic field H, in the direction of Z-axis 

iud} . ^ 

sin 0 




A^ill7 


O C 

— sin 0 o 




We observe in jiassing that in the absence of A, the wave function X is 
generally small comjiared with V — the radial component of F(r) has the factor 

* / 1-';, while Gil) has * / 1 i s‘> that the perturbation effect of 

1^1 'V 


' AX IS small as compared with effect due to the term ^ AYiney. (3.1). 

he he 
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Remembering 

~ >■ 1 ’ V 


Y^^^siu 0 - — ‘K-M .1 /W>^ + /» + 1 )y'/' 

( 2/1 + 1 )( 2 ^' ■+* ,0 ’ 'V'^ (2/^^ + 1 )(*‘ A’ i) ^ 


' /A - j) 1 

HI) 


* /*: ’ ''Y/ (2/v’ f i)(2A' + 3) ^'+1 \/ (jA-i)(2A^' 

we seek an approximate soluliotA of the equation by dioosiiii; one set <»f aiiKulai 

function (V^.^ , and assniuiiii' the cxislenee of bolb the sets , 

Y^^^) and (Y^^ ^ ^ can I )e done by suitably combining 

the (A) and (B) ty|)es, thus 

Take M j “C j -iCl\ M i)i'7i 1/- I. 3- l)> wheie {u\f loj, /o’;, a^) 

corresponds to A* and I'T) to A--*“(/ 1 ij. Moie 

explicitly, their values are 



/+(l) y/l 

V <'-i’ 

//—/*+ 1 
•’ 1 ■ - ,\ / , . — 

V -■ 3 

/ t 1 r 


-1 /4(l) at/' * 1 

1 ^ /-I ’ 

V 

yl‘ H ) , y-(l ) 

/ M 1- 


,r/l . 

' 1 * 
r ' 

// + /i+, 

A/ .:/ 1 1 

(»•) V'/' • 

r 1 ' 


i'.(i-) Y’/‘ ' 
r ' 


^-_(r) w*^ 

V 1 


'i'he constants A, N, M of the two tyi)es of solutions are diflereiit and are 
expressed by the following relations 

( 3 .. 1 ) A,-(K§-K?)^‘/hf, N.-(xKw'|JvS-iv^]^ 

and N , = lu M * [for (A) - type with - / 1 . 

(3.5) A„ = (E^-K?)^/hr), N -alU/Uv-i-lvHr^ 

and N-= ?/- i /a_ f for (B) — type with A' — - (I -1 1) J . 

If E) and ii- differ slightly from one another, vve have the following ai>proxi- 
inatc relations 


(3.6) 


A^— A_, 1, Ni ==N-i a-= »U“ I, and 


Iv,- 


By following the usual method of perturbation vve see easily that the chaxac- 
teristic equation for determining the Eigen value E W'ould be 


(3-7) 


i 

he 


K-lu 

/’"a I 


+ />« 1 1 P'^l ti 

hV“ 


Iv- J',_l + pO'j J 
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wlicre — I jhi ^ and 


/aV* h-Y? ,ax, \d\ 


i-av^ ^ V?: /'EX- MV 


X? ^aV_ + V* /ax_ \dV 


Xt ?aV, I V? /aX. \dV 


and Xf etc, are Lrans|)o.sed conjuKales of X. (the a is given in (;v3)) 
Carrying ont inlegi alions over the angle- vai ial>lc-i3pacu v^e gel 




— " 2 !— //(/-.;* I r / i 


,1. To evaluate the integral {1} or {II}-, we substitute the valiies/)f llie 
con esponding /, g, and remonibering we obtain 

=N, Kl ,|A= " H''' K, ‘ r !• W ■'<' 


-(n 'K+ t'|/< V''" ' tKw ,J. 

' /o . J ) 


TIic iiilL'KraLs au- cvalualcd tiuickly by repealed partial integraliuiis ; thus 
r,-/' ;/< + ! -p(,‘0/ >, , _ (“)” f ’Ap) , \ d’‘ t> 2H \ II 


f rp(/<) , 1 J” — fl 2/1 I II , 


J // ! -C(^i ‘I 2/t4 1 ) y i! j _ 

= (;/ + l)(a 4' 2/Ji-h l) “ //(// + 2/0 = 2 N+ 4-1. 

Similarly 

C 30 ' ^2 

0 L 

An easy substitution of the value of in the foregoing leads to the following 
results : 


CjO 

A/.s. 


— 1 )“'^ 
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i07 


(4-2) 


<yi 


l » 2(/+ K 


hr 

The evaluation of the third iiilcgral cannot, however, he exactly cxpievSscd 
in a neat form ; for the simple reason that A,, ]S\, lu as \^ell as N^, lu 
arc different in the two solutions, as also />, =2A.^ and p- ~ If, ho\\e\'er, 

\vc introduce approximations in the he^t^iiining, and take 

(/1.3) A.^-A_™ |A!, 1, n ii <. - i , P-i 

vve see the third integral 

J.-'y '' ^ ^ (/.).(/•. 

X I ' ■'!'!/* 'i (/')c//'r. 

hi ' 

'riie two deiiiiite integrals can lie easily evaluated in Hit' same way as before- 

We give tlie results ])elo\N . 

00 

(4-1) / 

0 


r 


- ^ p 


<■ V' ' -TV‘'(/.)Tr7''(p)./p-f ' ---t:; -- , , ,,, 

/ V a I ! ?/ ! 1 (a -r i i) I (a 2) 


/)" ' ^ — f // - I ) ( 1/ + 2/^ 4 I )/>"' H- ... 


>V(N-/)(N'+bk 1). 


( 4 . 5 ^ 

Hence 


Je ~ 'V-’" '■ -Tlh irn'tt 'Klr = .' V (N 1 /){N - / - r . 


{IIU= - 


I he 
-’N l.(o 


+ V'N-/ v/Ni / I F 




-I / V N “■ / - 1 


Observing Hq ill'll, wc see 


{111}= - h . j!" 2N- . 

2 N Ro 

Finally, putting />=-ai/.>h< , and .hZ-moc^/xo (Holir-inagncton) and subs- 
tituting tlif values of tlie three integrals (and nialdiig I'.d/ 1'.-.!) we see that the 
deterininaiital equation (3-/) hdees Ihe form 

I 


h( 


(4.b) 


H- 1% 

2/-f- I 


t<>M ^{l-ni-- 1 .}{I+ -11 + i) 

-/+ I 


/‘oil ^ i) ir _ K_ - ^ ,„,xoIl I 

2/ + 1 * / I 


wherein we have put 4 -^ — (magnetic quantum number), 
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1'hc result (4.6) agrees completely with that quoted by Betlie (1933^ 
supposed to have been worked out by him from Pauli’s equations. Condon and 
Shortley (1035) obtained similar determinant from principles of quantum mecha- 
nics by applying two-fold perturbations (spin-orbit and magnetic) siniultaiicously. 
It may be noted that Darwun has many similar features with our mode 

of attack, and we can claim some elegance by our introduction of Sonine’s 
piopcrties, which exhibit our solutions in a good perspective. 

J)\('('\ UNlViaiSlTY, 

Kamma, Dac ca. 

Cai.c'tiTYa t'\iviiriSiTVp 
Pi'JM K C'liina ak Roao, CAM'rn v. 


R T' ]* H R V N t' V, S 

liclhc. II , U133, JIaudbnLh ilct I'ltysik, 24 , p 

C«)ndnn, [*; r and SlioillcN r). II. ig35, 77 /r I'hrot \> ol Aloni/c Sprrlia fCfnnl)ridi»i- 

riiivt'tsily p 233. 

Darwin C, I\<fV S'nr , ].,oiidon (A), II8 p. 1 
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INFLUENCE OF TEMPERATURE ON THE INTENSITIES OF 
RAMAN LINES DUE TO SOME ORGANIC LIQUIDS 

By S. C. SIRKAR 

AND 

S. B. SANYAL 

{Kcct'ii't’d Ociobrr jb, lofd 

ABSTRACT i'lir intcii, sit los of n frw Unman liiu s of [)Cii/yl ah'olio], aiiiinr ami 

l)cn 7 oyl i’lilori<lc at llic room kMiineratun^ ami at limhor ti inpiaatiiios, a f^ vs' hcl-aw 
tlic hoilinn pjiiils of the have been measured (juaiililat is vl\ , iisiim mvlliod of 

photoerapliie spcriiopliolonu hy. Tl lia.s liccii observed Hial in tin easi' tvl the lines (no, 71M 
and loo' ol 1 )on/yl aU'olio] and af (he line i /o; of biai^oyl ehloi idi , the inlimsities ineiease 
witli (he ijien tise ol temperatiiie in aeeordam e with the jncalii't ions of Hu* polai isnijilily 
theory fn Hie < ase of the Raman lines of lari.^er fie([nejir'V'Shifls (he intensities .lire oljServed 
to remain almost (‘ojistaiil with the inerease in Hie lemperaUire of the liijuids as indicated 
by Hie Sfiid thera s . 

JNTRODUCTl ON 

It is Well known that accorcliuji (olhc (licoiy put forward i)y Plac/ek 
the intensity ol (lie Raman lines of frequencies v- r , sliould increase witli tlie 
temperature in aceordaiice witli the relation I j A lyfj — r'* ) ... (,) 

Several attempts Iiave been made to lest the correctness of these iiredici ions of 
the theory besides those leKardiiiy the ratio of the intensities of the , Stokes and 
auti-Slokes Kamaii lines, before this theory was published, laiiidsbei),; and 
Mandelstam (iq.v.i) had investigated the intensities of Raman line 465 of quartz 
at temperatures and 5,-^7°C. They observed that the intensity at the 

higher temperature was 1.29 limes that at the lower temperature. The .same 
problem was also studied qualitatively by Ney (1931) who reported that the 
influence of tlie increase of temperature on the intensities of the Raman lines 
of quartz was different for different Raman lines, so that the relative intensities 
of the Raman lines on the vStokes side were observed to change with the increase 
of lemjieralure of the crystal. The microphotometric curves of the spectrogram 
reproduced by Mey show that the line 4^15 of (piart/. shifts to .ps''’ and its intensity 
diminishes eonsiderabiy at the higher temperature. Careful examination of 
tile records, however, also shows that this line lieconies mneh broader at llic 
higher temperature than at the lower temperature. Oriistein and Went (1935). 
liesides measurin.g the ratio of the intensities of Stokes and anti-Stokes Raman 
lines, .also investigated quantitatively the chauges in the inleiisities of tlie lines 
2 -oissl* VI 
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1.7 and 165 of quartz with the change of temperature of the crystal from go^K 
to 4;ir/ K, and of the lines 153, 2^2. 714 and 10S8 of calcite with the change 
of teiiipcratuic iioni 203 K to 426*^!^. They observed that in the case of both 
the Raman lines of (jnarlz mentioned above the intensity diminished with the 
increase of temperature, and the same effect was observed also in the case of 
the three lines 155, 2S2 and 7 r4 of calcite, while the intensity of the line 10S8 
remained constant with the change of temperature. It has not been mentioned 
by these authors, however, whether they measured llie integrated intensity or 
the peak intensity. It has been pointed out above that tlie niicroidiotometric 
records reproduced by Ney indicate a broadening of the line 465 at the higher 
temperature. Hence the intensity is smaller at the higher temperature iliaii al 
the lower teiniicraturc if tlic peak iiitensily is considered, but if the integrated 
intensity were taken into consideration the conclusion would probably bediiferent, 
at least for this line. 

The same problem was investigated in the ease of some crystals more 
recently by Veiikateswai lu (1941). He first studied the inteiLsities of the Raman 
lines 4()3 of quartz, i()()5 of sodium nitrate and 313 of mercuric chloride at 
dilKreiit teinperatuies and observed in ea(di case a diminulion in intensity witli 
the increase of temperaluie uj) to about 403 K. He mentioned that the width 
of the lines did not increase wdlh the increase in leiniiera tine and hence only 
the ]jeak intensities were measured. In a later piper Venkateswarlu (1942) 
re[u)rted the results of similar iiivesligalions in the case of calcite. In this case 
also the intensities of the Raman lines 155, 280, 710 and 10S5 of calcite were 
observed to diminish with the increase of temiierature from 303 K up to 4g3''K. 
It lias lH‘en mentioned by him that the lines were of same widlli at the lower 
and higher temperatures and so only the [)eak intensities w^ere nieasuied. If, 
however, the s])cclrogram reproduced by him be examiued carefully it is found 
that ilie line 280 of calcite becomes appreciably broader at higher temperatures. 
Besides this, the intensities of the Rayleigli lines also appear to diminish at the 
higher temperatures almost in the same ratio as those of the Raman lines mentioned 
above* If this be not due to any systematic diminution of the intensity of the 
incident light at higher temperatures, it is difficult to understand huw^ the 
intensity of the Rayleigh scattciing diminishes with the increase of temjieratuic, 
because experiiiienlally it lias been observed by Lyandsberg and Mandelstam (1030) 
tliat in the case of quartz the intensity of the Rayleigh scattering is proportional 
to the absolute temperature of the crystal. 

I'hc validity of relation (i) in the case of liquids was first tested by Anantha- 
krishiian (193^) who investigated the intensities of the Raman lines of CCU 
at temperatures ranging from 25'’C to 2oo"C. He observed that the integrated 
iulensity of the Stokes Raman lines of CCli does not increase with the increase 
of teiiiperature. He has also discussed various other changes, c.g., broadening, 
and change of fiequency of the Rainau lines which are observed with the 
increase of temperature as well as the difficulties which are experienced in 
making the experimental conditions identical at both high and low temperatures. 
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Besides the difficullies mentioned hy Aiiaiitluikri.shnan, . ..e,, the u idcnhig of 
aic lines, the change of refractive index of the liquid e.msuig a change in the 
inteusity of the iiicicleiil liglit, and tliu expansion of Ihc litpiid, there is another 
difficulty not iiieutioned by hiin» luuiiely, the birefringence (>f the window of 
the tube conlainin^^ the liquid caused by hi^h pressures de\ eloped w hen llie 
liquid is heated much above its boilinn point in tlic clf»scd tube. The present 
investigation was xuidcrlaken with the object of tesliu;.; the \'iilidity of i elation fil 
given by Placzek in the case of a few aromatic liquids having high boiling 
]>oints so that no high pressure could be develoi)ed inside the tube containing 
iJieiii. vSomc of the other sources of error have also been taken into account 
as will be evident from the disciussions of the results. 


Ji X 1* V. R 1 ]\1 !•: N 'J' A L 


The liquids chosen for the present investigation are ben/y] alcohol, benzyl- 
amine and benzoyl chloride. These were obtained from Kahlbaum s sealed bottles. 
They were distilled in vacuum before use. Tlie experiiiiental lube had a plane 
window^ and its other end w^as bent into the form of a lioni terminating in a 
bulb to hold the increased volume of Ikjuid at the higher temperature. A 
narrow" lube was joined to the bulb and after the tube w as filled wdth the distilled 
liquid iipto a level bciow' the bottom of the bulb, the tube was evacuated and a 
constriction in the narrow tube was sealed off. 'J'lie heater consisted of a few^ 
coils of nichrome wire enclosed between two coaxial brass cylinders, insulated by 
asbCvStos and a wdiidow \wi\s left open parallel to the length of the cylinder. 
This gap w^as closed by a transparent thin sheet of mica. The lube was thrust 
into the heater through one of its mouth and llie scattered light wasobseived 
through the other nioutli, the open regions of which were closed witli asbestos 
])acking. Light from a horizontal Heraus type mercury arc condensed by a 
five-inch glavss condenser W' as used as tlie incident light wliicli j)assed throngli 
the mica window. The arc was started before the commencement of the 
exposure and was allowed to run at a stretcli undislurbed througliout llie 
exposure for both the hot and the cold liquid. As the room was closed on all 
sides, the intensity of the arc did not fluctuate during the exf)osure. Also, as 
the liquids were heated upto temperatures a few^ degrees below their boiling 
points, the plane windows of the experimental tubes did not develop any extra 
birefringence at the higher temperature. The levels of tlie liquid in the tail 
of the experimental tube at the room temperature and at the higher temperatures 
W'cre noted and from the measured volumes upto these levels the increase in the 
volume of the liquid was estimated. The temperature w^as measured with a 
mercury thermometer w'hicli was placed in contact wu’th the glass tube containing 
the liquid inside the healer. 

The Raman spectrum for the hot liquid was photographed first in order to 
take into account any chemical change in the liquid which might take place 
with the rise of temperature. The current in the heater was switched off and 
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tlic sptctnnn for the cold liquid was next photographed on the same jdate using 
the same time of exijosure as for the hot liquid. A few intensity marks were 
also f)l)taiiied on the same plate using difl'erent known widths of the slit of the 
sjjec'ljograph and light from an ordinary tungsten filament lanq) reflected by 
a |>ie('e of lliiek white ]>a])er as source of continuous radiation. A Hilger two- 
prism speetrogia]>li (d liigli liglit-gathcring i)ower was used. IMicrophotometric 
reeorcls oj the spectrogiams were obtained with tlie help of a Kipp and Zonen 
self-recording inicrophotometer. The intensities ol the background on both 
sides of eacli line relative to the nnexi)Osed portion of the plate were determined 
in the case of each line in question witli the help of the blackening log. -in ten- 
sity curves and were subtracted from the total intensity of botli the background 
and the line in order to obtain the iiitensily of the line. In the case of each 
li(liiid only a selec'tcd few Raman lines have been taken into consideration. 
Also, in Older to investigate the question whether the intensity oi the Rayleigh 
lines increases willi tlic increase of the temperature of liquids, the intensities of 
the Imc A.joih recorded at the t wo temperatures have been compared. 1 he 
results arc discussed in the following section. 

i< i<: s 1 ' h y s A K I ) n I vS c 1 ) vS s I u n 

The ratios of intensities of particular Raman lines at the higher temperature 
to the corresponding intensities at the room temperature as deduced frym the 
blackening produced on tlie plate by the lines with the help of the blackening 
log-intensity curves for the corresponding wavelengths are given in column 2 
of tables 1, II and 1 1 1. Tlicse have been corrected foi the dilatation of the 
liquid at the higher temperatures. 'I'hc correction factors as calculated Irom 
the observed incicase of volume of the liquids liave been found to be approxi- 
mately i-oq, 1 ,oy and i oS for beir/yl alcoliol, benzoyl chloride and benzyl amine 
respectively. The corrected values of the intensities are given in column of 
the tables. These intensity-ratios as calculated from relation (1) arc given in 
the last column of the tables. Only Raman lines excited by the Hg line A.135S 
have been investigated in each case. The ratio of the intensity of the Rayleigh 
line A.joiO at the higher temperature to that at the room temperature as deduced 
from the spectrograms has also l)een entered in the last column of each of the said 
tables. The widths of the lines investigated arc observed to remain unchanged 
at the higher temperatures and tlierefore tlie peak intensity has been measured 
in each case. 

It can be seen from tables* 11 and III that the intensity of the Raman 
lines bio, 79.^1 and 1000 of benzyl alcohcl and 1003 of benzoyl chloride increases 
with the rise of temperature of the liquids and the increase observed in each 
case is fairly in agreement with that predicted by the theory within experimental 
error. In the case of the lines tocu and 3055 of I^eiizyl amine the corrected 
intensity ratio is slightly 1o\n er tlian llie calculated value, but this diminution 
is probabl}" due to some experimental error, which taking into consideration 
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all the fcirtors imolvecl enuiiot be cljiiined to be imicli less llian 5%. The results, 
iiowLVer, show tlial lliere is no lar;;c diniimition of the intensities of the Kainan 
lines with the inerea^e in tlic temperature of the licpiids as observed by j^revious 
utiikers in the case of some crystals and also by Anaiithakrishnan in tlie ease 
of carbon tell aehloiide. On the contraiy, the intensity of the Kanian lines of 
sniallei fi e(juem y'shift inci eases more than tlial of the lines of lar^’er freejueney- 
shift with the rise oi temperature of the li(jiiid as indicated Ijy relation ^1), and 
therefoie the relative intensities of tluse lines undei^o changes with the change 
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Fig. I 

of tempera tine. The miciophotometric records of the lines obtained in the case 
of lienzyl alcohol are reproduced in Fig. i and it can be seen that the ratio of 
the intensity of the line 610 to that of the line 1003 increases at the higher 
temperature. 

As regards the intensity of the Rayleigh line the results observed at llie two 
teniiieratiires for the line A^iyio in each case arc given in the tables, because, 
theic is no aiipi eciablc absorption in this region. It us observed that in each 

case the intensity of the Rayleigh line increases with the increase of temperature. 

« 

vSince the intensity of the Raman line due to C-H vibration excited by ^^1358 
and situated close to the line A.^yi6 does not change with the increase of 
temperature, the ratio of the intensity of the line A4916 to that of the Raman 
line mentioned above increases with the increase of temperature. This can be 
seen from the micropholometric records reproduced in Fig. 2. Since there was 
some feeble stray light mixed with the scattered light, the observed increase is 
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slij^htly less Ilian the actual increase in each case, 'riie increase expccled 
tlieoretically in these cases cannot he calculated, hecanse the values of com- 
pressibility, and refractive index at the different leuiperatiires arc not known. 

The authors are indebted to Prof. M. N. vSaha, F,R.S. for kindly allowini’ 
them to use the niicrophotonicter of the Palil Raboiatoiy of the Pliysics Depart- 
ment, tJiiiversity College of Science, C'alcutta, and for a Itjan of tlic Ililgei 
two-i)risni sj>ectrogiai)h used in the investigation, 'i'he authors are also 
indebted to the authorities of the Indian Association for the Cultivation of Science 
for kindly providing facilities for carrying out the investigation at the laboratories 
of the Association. 
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A SELF CONSISTENT METHOD OF DETERMINING THE 
MASS OF MESOTRON 

By K. C. KAR 

AND 

R. R. ROY 

il^n rii’Ctl (or piibllcatio}!, hiji. \ 

ABSTRACT A iit w iiiclhocl is for finitiiig llir mass of mesutiou existing in lieu- 

linns mid pioloMs, Tlie inetliod is self-consistent. The accuracy of llie ina.s.s thus detenniiied, 
which is III cKctroii unit, dciiciids on the accurate value of tlie liinding energy of deuleron 
aircadv known from the expel iineiil of Chadwick. 'I'hc inter ictioii potential is taken in the 
form suggested hv Vukawa. 'I'lic mass determined hy the pre.sent inetliod is tlie same as tlie. 
iiuiss ohtaiiied lie Kar (i‘M-) fiom the theorv of proton-proton .scattering. 


In tile jiresent paper we shall discuss a new method of detcrmiiiiug the 
mass of mesulrou. Tlie tiietliod is iierfectly rigorous and self-cousisteiit. I'lic 
accuiacy with which the mass is determined depends on the kiiowledgeVf the 
accurate value of the hiiiding energy of deuteron. 

It is well known that the neutroii-iirolon attractive force in a deuteron is 
of Yukawa tyiie, derivable fiom a iioteiitial of the form 


Again, because there is a special affinity between a neutron and a proton, the 
attractive force between them should be of r.\(litiii/(c lypc. The particle 
wliich takes part in the exchange is evidently the mesotron. The experiments 
done so far prove definitely that the charge of this particle is c the electronic 
charge ; hut the mass determined by several experimenters till now varies between 
100— >400 electron mass approximately. Our proposed self-consistent method 
gives the mass accurately inasmuch as the binding energy of deuteron is known 
with fairly great accuiacy. 

Now, it is already kuDwiii (Bethe and Hachcr, 1936-^7) that in an w-particle 
the exchange force is completely saturated both with respect to the .spatial and 
spin coordinates, n hereas in a deuteron it is satin ated with respect to the spatial 
coordinates only. Consequently the interaction potential between a neutron 
and a proton should be as given by Majorana. Thus referring the motion to 
the centre of mass of the interacting neutron and proton and assuming the 
potential to be spherically symmetrical and of Yukawa type, we have for the 
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wave equation of the neutron or proton initially at and after cxchanKo 

at — r(r, n- 0 , n^ + 0) 


J,2 


Ax(r) )-Hx(p) = 


A 

C 

I 


iXt 


(-r) 


(j) 


where M is the mass of the inoton or neutron and h: the hindint; enciKy being 
negative. Now, because 


and 


x( - r) - R( »)PT(cos(;r - 

x(ri=U(»)P';‘(eos 0 ), 


we at once ;^et from (2) 


1,'^ ^ <y“ 


(»R)- 


— (iR.) ; -t l';.(-R)= -(-i)' 


(,(R) 


(3) 


There arc reasons to believe that no excited state of the deuteron exists which 
differs from the f^roiirid state with resi)ect to the orbital motion. 'iMnis /- o and 
so (3) becomes 


//2 


{i\i) l-Tv.(/R)= - 



(rK) 


(.^r) 


l.vven at tlie ground state the denteron may have two varieties according as the 
si)ins of proton and neutron are paiallel and aii1i])aralleb In the former case 
the deuteron is in a tiiplet state having threefold degeneracy, while in the latter 
it is in a non -degenerate singlet state. How'cver, if we assume Yukawa interao 
tion of i)urely Majorana tyi)C, the binding energies should be same in both the 
cases. 

Now, because a is very great, the Yukawa potential is ai)i>reeiably changed for 
a very slight variation of 1 due to the exponential factor , the factor A / r prac* 
tically remaining constant. Thus to solve the wave equation (3. r) for deuteron, 
we may take A/ / to be constant to a first approximation and equal to A/?, where 
T is, strictly, the mean distance between neutron and i)ro1on. More rigorous 
solution of of (3.1) may, however, be obtained by using <Yfunclion. 'i'lius putting 
Vo = A/r, we have from (3']) up to first approximation 


(»R)+(K + VnC “^KrRl-o 

47r^M (ir“ 

If we put v = c""' , (3.2) reduces to 

.W'*' hi? 


I.et us again put 
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- (3.3) 
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Heuct (3.,^) reduces to 

f.,{rK)+ ' f(,R) + 

ch/' - d- 


-f 


i67r'^MK 1 \ 


frR) = o 


(.V5) 


v\hidj is tlu’ usual Ik-ssul equation, vvlieii ]\ is iie^alivc. 
solution is 


/R-CJ. 





Its well known 
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wlicu* 
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and C 11 k* averanuin farlor. 
fioni (j) 


Hera use R sliould l)e Hounded at o, we have 




(5) 


Imoui taldcs (jf Bessel h'linclions J .t(-) one can easily lind the value of 
(say) for v\ hi('h the funcliou is zero for a niven x. In the same way one finds 
easily that foi a given s, Ivq(,s) is satisfied if 


ah 


(5.0 


wliere the iminerical value of B, is obtained from tables of Bessel Funttions 
(Watson.) 

Now, from wc have for the vvavestatistical value of the binding energy 

of deuteron 


^ 0 o 


(r.) 


where (?R) is given in (-|). loom the substitutions already made Wide (3.4)) 
we have 


and therefore 



dj, \ 

d(- .| " \ ' " iiz I 


and also 


2 1 2 
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Thus we easily get from (6), denoting differentiation ith respect to the argument 
by dash 


K- 


4 t^M ‘ 
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(6.1) 
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where 11 , is given in (5.1). The averaging factor C is detennined 

ill the usual way from the condition 

C-’J -1 ... (6.2) 

0 0 

Again, from the wellknown recurrence formulae of Bessel functions^ ; 

t A*.) 


we have J . |(*:)} 

On using the above rckilioiis, (6 .j) may be easily transformed to 


/ B, /•B, 

Jfl i A ^ / J^-2 
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i binding energy (T) vi 

... 2.15 MV 

and » satisfying (.|.i) 

Of tliese 


= 3,421 X itr^' erg, we get sets of values of 5 
only one set will obviously be correct. To find out these correct V'alues wc 
make use of the wavestalistical eq. (b.3) of binding energy. Now, for a given 
value of s, B;, is known from tables and so the integrals in (6.3) arc evaluated 
f)y the graphical method. The averaging factoi C may also be determined from 
the condition (6.j). Tljus the binding eneigy is calculated from It). 3) for a 
given set of values of v and satisfying (4.1). The binding energy so calculated 
is not in general tlie correct one. We, llierefoie, calculate a number of 
binding energies from (0.3) for different values of and satisfying (4-0 and 
draw a gral)h giving I{ for different values of s and »» taken. Ihis enables us 
to find the exact values of .v and <> fui which llie binding energy is just wliat is 
obtained experimentally. Having got the correct values of .s and l)y the 
above inetliod which is evidently selbconsistent, v\c gel the mass of mesoli on 
from the usual formula 


a// 

— 

27rc 


(7) 


The UL'curacy of the mass so tlctcniiiucd depends on the accuracy with which 
the binding energy of deuteron is known. The values of s and a calculated 

by the present method are 1.59 and .2848 x lo^ respectively . With the al)o\ e 

value of a in (7) the mass of mesotron is found to be no e.u. 'Ihis is the value 

obtained experimentally by Corson and Brode {jyy^r 

It should be noted that from the theory of proton-proten scattering already 
developed by one of us, (Kar, 1942) the value of has been obtained as 
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ji'' " and tliu nurchpondiiig mass calculated I'rum (7) is iio.S e.u. It is ill 
very gorjd agiociiieut with the mass calculated hy the present method. This 
slroiiyly suggests that the origin of the short range attractive force must be same 
in both the cases. The attraction is due to meson field surrounding a neutron and 
a i>rotou. 

If, however, it is assumed that the prolou-i»roton interaction is due to 
e.vchange and the attractive force is of Majorana tyjie, then, it is clear, the 
particle taking part in the e.xchange cannot be mesotron having charge e. It 
sliduld be ‘neutretto’ having the same mass but without the free charge c. 
As, lujwever, in the formation of nucleus, the jiroton is not found to exhibit 
any affinity foi proton, it api>ears to us that there is no exchange although there 
is attiaction between the protons. Accordingly, the assumptiou regarding the 
existence of a new kind of exchange iiarticle, c.g., neutretto, is unnecessary. 

It is thus evident that the attraction between a neutron and a proton or 
between tw'o inolons is due to the meson field. In the former case there is 
exchange wdiile in the latter case there is none. Accordingly the interaction 
between piotons cannot be of Majorana type. It should be that given by Wigner. 
Hut for 1 - 0 , tile wave equation is same as (3.1). The next (juestion that is 
to be settled is whether the short range meson field ]>ennanently exists in the 
protons and neutrons. As, however, the short range force is always found to 
be altuictive and never reimlsivc, it appears likely that the field is of electrical 
or igin and is temi>orarily developed during close interaction, due to poloiisation 
of neutrons and jiiotons and comseipient creation of mesotrons within the 
jiarticles. 

In conclusion we may note that as a and B, are already determined we 
readily evaluate V'o A/f from (5.1). The unknown parameter A of Yukaufii 
potential cannot be determined by the present method. It is determined from 
neutron-proton scattering which w't* shall discuss on a diffeienl occasion. How- 
ever, we may just mention at present that the value of v' A so determined is 6e 
which is just the value obtained from proton-proton scattering (Kar, igq^). On 
eomiiaring the values of A and V« we find ? ^ lo"*® from which a rough 

e.stimate of the scattering cros.s-section may be made. 

Pinsicu. l,\iioKjVi'ok\ . 
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THE THEORY ON NEUTRON-PROTON SCATTERING 

By K. C. KAR 

AND 

R. R. ROY 

{Kcit'Ivcd lot lutbliidiion^ J 

ABSTRACT, TIr- \Va\L‘.sl;ili^n\Lil TJicon of NfiitroiPlVotoii SraUiiinji; i;^ 

, \ U } 

iisin^r nn inUriU'tion potential of Vukau a tvpc, a/:, — <■ Tin- Darmtical Innniila 

i 

Mic intensity of scattering i.s foiiiiil to ajjjrec with the ONpcviniciil of Ilaikiin aial oth(r,^ 
tor \ - tv and ^ kjD. 'I'liis value ofagi^Ls ijn (’,//. tin’ mass ot inesrit roll 

takijig pari in the exchange in neiitn^n-protrui interaction The ri)as,s so itctennijied 
exaitlx the ‘''nine as that nhlaiijed from tlie hinding eneig> (»1 deutirori and from jiioton-prolun 
scattering. 


In tlie theory of iieiilroivproloii scattering recently devcluiied hy one of 
the aulliors (Kar and Hasii, 103(1) the interaction [Hilential lias heeii taken in the 
foiTiiV = “ V(P ' . The forinuk*. derived has Iieen found to agree only eiiialila- 
tivcly witli the experiments of Chadwick (1033) and others. In the iireseiil 
paper it is proposed to develoji the theory of scattering soinewliat on similar lines, 
on the basis of an interaction ]>otenlial suggested by Yukawa. 

The wave eguations of the incident neutron inside and outside the potential 
field of the proton, tlie motion being referred to C-systeni, are 


and 



^Xo + 


(0 

(1.1) 


wlicic and I', — I’roccedini' iji llic ii.siial Jiiaiiiici (Kar, c/ al 

It 


1937)1 wc have for the first order scatteriiii; function 


AiXifra)^- 


4*^ ■ E 


■fviuko 


ikrii 


(r,).-^- dr, 

Uti 


(.!) 


where 


I i/v.V| 

Xo= 

V 1’ 


(2.1) 


the incident wave being supposed to move along the A-axis. On integiating (^) 
as before (Kar, 1037), we have 

ikftj /f 3 C 

Mt'-* ‘ V vr2 


Mv^ V vr2 J 


i)uli 


■ ■■ (2.2) 



322 


where 
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>iii \ff>. 


luj (? 2) may be written in the siinpie fruin 


. / V cosec^ 2 *f‘ ( r/ ^ 

A,x, if) , . iM/o) 

Alr^ V i',t 


'(»,))=" - U' P sin k-‘rV{i)ni> 


... (^..0 


... (..4) 


Prort^t’diniJi in llu* usual way it may be easily shovAii that the critical approach 
wliich must l)e always jiositive, is Kivcii, for an attractive force of interaction, 
by the iurmula (Kar, loij) 


w here 




sin /V'(/ ““ rn)V if) nit 


Now, lalJn^^ tlu; interaction j)otential to be of A’ukawa type, 

V(») ~ t we find the values of and Hn substituting these 

/ 

values ill (-^.3) and ( 0 w^c get for the scattering function and the critical aiipruach 

sin 12 ) J- .. 

, „ \ (4) 


Ai.\: =^- 


(x'-i-i 12 '-^ 


'0- ■'■■7 




■ 2 7 , i'/'-sin- !■<!') 


... (4. a) 


II is the angle of scattering in the laboratory system, W'e have = 
'riuis we have for the relative in tensity of scattering and the critical approach 
in L-system 

I (^-()s 0 . en- sin f^dO ... (5) 

and ^ t^in ""sin'^^) A' (5 1 ) 


where 


I-t^MA c 
If- ‘ a- i I, 


... (5.2) 


and j-cos /cbo + sin kbo {5-.iI 

iC 

In order to verify our formula (5) quantitatively w-e have to dciieiid 011 tlie 
only experiment done so far hy ^Harkins, Kameu, New^soii and (ians (ig36j. Their 
experimental values are, how ever, given for angular ranges of ten degrees and so 
it is necessary to integrate (5) between 0 ^ and Because the angular range 

is small \ve may take g and f outside the sign of integration giving them 
their mean values, r/'., k,,. \^T■ have then iroin (5) after integration 

— -ih -cos 2O./) (5-4) 
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where 

~iV r- 

ll~ U- + //,;, 

t.v.s) 


COS " sin A 'mloi.. 

*'* m 



in.«=2.7^ ( 5 ,-) 

Agtiin, bcCLiiisc tlit' obsolulc vulucs of tlK‘ uiloiisitv' luo not jL'u'oit in IJic* 
experiment citod above, formula (5,.!) eaiiiiol W vended diieelly. llowewr, 
it is obvious that the experimental values wliirli aie propoiiiomil to the absolute 
values, are given by the formula 

X 2 ng^Jl{cof=s -ccis ... (5.S) 

where 11 is the unknown eoustaiit of proportion. Mn using tentatively the 
values, viz.t sj A — hr already determined from inotumprotrm si'atteriiig (Kai, jc).]::) 
and (X= .aS/ijS X i(d obtained in oui previous jiapci (Kai and Roy, 104 d, we 
easily find the unknown r^aistanl of ]>ro])ortion H fiom one experimental value 
at a given arigulai range. Having got the value oi B onee foi all we ait‘ in a 
position to calculate the values of the intensity of srallering at any othei angular 
range. The theoretical values so obtained fioni (5.S) and tiu* expeiinienlal values 
are given lespectively by the continuous and tlie dotted cuives in I'ig. k 

It is apparent from Fig. i that the theoretical curve lias a peak at 45°, 

showing iJiat in C-sy.stem tlie scattering is 
isotrojiic. This is eonfiniicd l)y the experiments 
of Chadwick (ip3s) ^ind othei s. The jjeak of 
the expennieiilal curve is, however, at o.s ^ 
It it is evident that if tliis difl'erence is neglected, 
the agreement it as is should be. Now it has 
been pointed out by Dee and (lilliert (1037), 
that the shift of the maxiimmi intensity 
towards large angle, as observed by Harkins 
and others is due lo inhoniogeneily of the 
60“ ejo" incident beam of neutrons from tlie source 
FtCf. 1 taken l)y them. 

It should be noted that the values of A and a for which the theoretical curve 
is in agreement with the experiment are very nearly the same as those obtained 
from proton-proton scattering (Kar 1042), and also same as the value of a obtained 
from the binding energy of deuteron (Kar and Roy, 1043)- Tliis shows that 
the nature of the short range force is esscnlially tlic same in neutron-[^n.)lon 
and proton-proton interactions. Now', because ft has the same value in the 
different theories, the mass of mesotron which is responsible for the sjiort range 
force in neutron and proton, is also same. And it has been found lo be 110 
electron unit from the usual formula 
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If, now, fortiinla (5) for the intensity of scattering for the elementary 
solid angle 2;r sill be integrated over the limits o and 2, we get the total 
scatteritig cToss*sec:tion <r . Logarithms of the cross* sections thus detennined 
for different velocities arc plotted against the logarithms of incident energy. And 
llu^ curve is given in Fig. 2 

1'hc circles iTidicale the exiieriniental values. It is obvious that there is 

\ery good agreement for thermal neutrons 
having low velocity. However, for higher 
Velocities there are some departures. 

Before concluding, we shall make a few 
remarks on some of the special features of 
the vvavestatistical theories of scattering so 
“Tit far developed (Kar, r( a/, igi2), for different , 
kinds of interactions. "I'he fundamental 
assumv>tion made in the above theories, is 
Hull the incident particle ai)in’oaches the 
scatteiiiig particle only up to a certain distance which is called the ‘ critical ap- 
proach.' It has nothing to do with the si/e of the nucleus and, in fart, it is much 
greatei than the si/e. It has been shown that the critical approacli depends on tlie 
velocity ol the incident particle and also on tlie angle of scattering. It is obvious 
that it decreases with the increase of the incident velocity for a given angle of 
scattering, and also for a given incident velocity it decreases wuth the increase 
of scattering angle. Now, the volume round the scatterei which is unperturbed 
by the incident particle due to the critical approach may be called the ‘excluded 
volume/ This volume has evidently no contribution to the total intensity of 
scattering. Now, in deriving Born-Kutherford, Holt/mark and other wavc- 
inechauical forniuke of scattering the above excluded volume has been wholly 
neglected. In other words, the scattering by the excluded volume is taken 
into consideration. As a result their theoretical values are always much higher 
tlian the experimental values. It is well known (IVIolt and Massey, thi^l 

at high velocity of incidence and large angles of scattering, Born “Rutherford 
formula is found to agree fairly well with the experiment. At this region the 
excluded volume is olwiously negligil)le. Thus we find that the wave iiicclianical 
forniuke generally give much higher values, whereas the waves! atistical foriiuike 
are decidedly in belter agreement with the experiment. And in some cases the 
agreeiiient is found to be almost exact. 

Apart from tlie experimental evidences which conlinn the wavestatistical 
theories, there are theoretical justifications in support of the fundamental assump- 
tion of critical approach. The incident beam of particles moving in straight 
line ill a given direction is deflected due to the presence of the scattcrer. Thus 
the scatterei acts as a source of perturbation and imposes some boundary condi- 
tions on the motion of the incident beam of particles. On account of these 
boundary conditions, the incident beam approaches the scatter only uptoa certain 
limit. If tlie wave character of the particles is completely disregarded, the critical 
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approach is evidently given for Conlouib field ])y the distance* of the vertex 
of the hyperbolic path from the centre of the scattering; particle. However, the 
wavestatistical character of the ])urticles constituting the incident heinn cannot 
be ignored. Accordingly, in the different wavestatistical theories of scattering 
the critical approach iq for any potential field is always determined by the 
wavestatistical method using the boundary conditions at / — tq 

Xo 

A , 

‘ di 

ft IS interesting to note that for Coulomb field the wavestatistii al method 
gives exactly the same value of the critical approach as the dynamical iiietliod 
except an additional numerical factor 1.35, which is known as the dynamical 
defect factor. 

Piivsicn. LAnuKAToRv, 

J‘U!'Sii*ivNCv Coi.ti (; k, 

Calcutta 
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MOLECULAR ASSOCIATION IN OXY ACIDS 

By N. RAJESWARA RAO 

ij^rcrivcd io) Sepicnihct /7, i()j;^) 

ABBTBAGT, In tlu present priper, molenilar assfH-inlion in solutions of oxyacids is studied 
with the help t)f Ftaniiiti elhct. (Hi eoinparing the* assoeiating nature of thes(' substances 
with tlieii strength^ it is hmnd that the stronger the acid the smaller is the tendency for its 
molecules to polynurise Trj stiid\ this point tiirther, a comparative study of molecular 
assoia'ation in solutions of ai'etic and chloracetic acids, which are known to he of increasing 
order of strengih hut of (jnite similar stiucture, ivS made and the ahr»vc point is confirmed. 

It is also foimd that increase' in the h\ drogeii-ioii ciuieentration in these solutions will have 
the effect of diminishing the molecular assoeiatioii t'ontrary to what is to he expected from the 
law of tna,ss ac tion 


T N T R O D TT C 'J' T O N 

Knleswaraui (igin) .siiccesfiilly employed Raman effect to study molecular 
association in a iniinber of associated liquids and arrived at the conclusions that 
siibstaiices must have both a donor aud and an acceptor atom for association 
to lake i)lace in ])ure state, c.}>., water, fatly acids. From this it appear^ as if 
oxyacids, which contain both H and () atoms, form ideal substances for molecular 
association. It is well known that in the oxyacids, the hydrogen-ion is attached 
to the oxygen atom forming the (JH link which on dissociation breaks off. 
Thus, nitric acid is considered to be having the formula NtJo.OH, sulphuric 
acid Sf>;. (011)2, iodic acid 102.011 and so on. This contention has been further 
verified by the Raman spectra of these acids in the pure state by Veiikateswaraii 
(|()36) and Dadicu aud Kohorausch (1931) who observed the OH band in these 
spectra. Also, all these molecules must necessarily be polar because of their 
unsyminclvical structures. Thus, the condition for molecular association is 
satisfied and one must expect associated molecules in solutions of these oxyacids. 
Rut a .study of the solutions of n2S(b, UNO;,, HCU)^ or H3PO4 does not show 
any evidence of the existence of associated molecules of the type (HNOjOa 
or (H2S( >4)-, etc., though in solutions of acetic acid the determination of mole- 
cular weights of H2SO4, I 1 .,P().| and HClOj revealed the existence of unstable 
dimers, which were found to be very unstable aud to decompose with time- In 
solutions of iodic acid, evidence for associated molecules could be found in 
higher concentrations (Rao, N. R., 19.12). Its Raman spectra in different 
concentrations show lines which arc found to vary with concentration, W'hicli 
was interpreted on the basis of the splitting up of polymerised molecules 
into normal molecules with dilution. In trichloracetic acid also, evidence 
for polymers, which split up very fast op dilution, wa.s found fioin a study 
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of its kaiiian spectrum in different concentrations ami temperatures.'' Hut 
in acetic acid, studied in detail by Koteswaram associated molecules 

\\'ere found even in dilute solutions. 

In the prc.sent paper, the association of the oxyacids and its dci)eudeuce 
on their strengths will be studied, by making a eoniparatixe study of the acetic 
and chloracetic acids, which are known to be of increasing order of stieuglh. 


acetic acid 


Koteswaram observed that the Raman spectnnn t)f acetic acid consists of 

sharp lines of frequencies 446, 6oi, 620, 872, tip,;, Kill), i,; 7 o, 1368, 14.5.^ 288y, 

2CJ46, 2996 and a band which can be regarded as composed of components at 
1673, 1700, 1720 and 1770. Un examining the intensities and the changes in 
the frequencies of the lines 872, 803, 1010 and the band at 1700 hi the spectra 
of this acid in different concentrations in water and othei polai liquids ami at 
different temperatures, he observed that (1) the line at S72 aiipcars tuily in the 
spectrum of the pure acid, (2) the second line 803 gets dilluse on dilution and 
increase of temperature, (A line at 1010, which he attributed to the C t) baud, 
shifts to a higher Raman frequency on dilution and temi<crature and (4) the 
lower frequency conq)onents of the 1700 baud disappear under these conditions. 
He attributed these changes to the depoly merisatiou of the acid molecules. 

Now on dilution, the polymerised molecules .split up into simple ones which 
on further dilution split iqi into ions. They can be represented by the equation . 


(CHaCOOH)^^ 


S2CH.a)OH^==^aIl ' 


I jCll;,C(Kr. 


Now if, in a dilute solution, the hydrogen ion concentration is increased, the 
backward reactions must be favoured resulting in an increase of the polymerised 

molecules. To test this, 3 sets of aqueous solutions, 82% acetic acid, and 82% 
acetic acid + iN HCl, 50% acetic acid, and .so'X< acetic acid + i N I ICi and 25% 
acetic acid + iN HCl arc prepared and their Raman spectra are obtained with 


times of exposure inversely proportional to the concentration of acetic acid in 
them. For each pair of .solutions, the weight of acetic acid per 100 c.c, of 
solution was the same, so that the siiectra for any iiaii should be identical foi 
equal exposures under identical conditions, if the acetic acid is unaffected by 
HCl. The changes in the spectra of the mixture compared to the puie solutions 
are very slight and of uncertain nature. Only there is a slight indication that 

the lower frequency components of the band at 1700 are furthei diminished in 

intensity in the mixture with HCl. This is suriirising in view of the above 
expectation, which is expected to show an increase in the intensity of componcrits 
which correspond to the polymers- 


M O N O C H I. (4 R A C 1C T I C ACID 


Due to substitution of one of the hydrogen atoms in the CH, groiq) of 
acetic acid by chlorine, this acid is known to lie stronger than acetic acid. In 

* Unpublished work of the author. 
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the following pages are given the results ou the molecular association of this 
acul on lines similar to those in the case of acetic acid. 

'I'he Raman spectrum of this acid in the solid and the molten states has 
been studied by a feu authors including Parthasarathy (1034), Thalte and 
(lancsan (h)3i), Cheng and Dadieu and Kohlrausch (1020). All the 

above authors reported that their spectra were superposed by an intense con- 
tinuous background. Parthasarathy seems to have obtained a fairly good 
spectrum of the acid in the solid state. Thatte and ( laiicsan recorded only two 
feeble lines of frequencies 433 and 200^1 . Cheng made a comparative study of the 
infra-red and the Raman spectra of the acid. Kohlrausch seems to have obtained 
the best st>ectrum with the molten acid, though he reported to have observed 
intense contininim su])erposed on this spectrum. But, so far, no attempt was 
made to study its molecular association by this method. 

n X P R 1 M E N T A I, 

'J'lie Raman spectra of this acid are usually superposed by an intense 
continuum, making it sometimes difficult to observe the lines clearly. In order 
to avoid this, the acid is distilled a number of times and the final distillate is 
collected direct into the Wood's tube. The spectrum of the molten acid is taken 
by maintaining the coi)per jacket at about (x>”C and exposing the acid for about 
2 hours. Aqueous solutions of coiiceutrations lo'sN, 5N, 2'5N, r25N and o’sN 
arc prepared and treated with pure carbon while hot. The solution is filtered 
through a quantitative filter paper in a sintered glass funnel. In a similar *way, 
a 2.5N solution of the sodium salt of this acid is also prepared. To study the 
effect ol increasiug the hydrogen-ion concentraion, two solutions, one of normality 
■*■35 ^i*d another a mixture of i.25N of this acid and iN of HCI, are prepared 
with the weight of Cn.,ClCOOII per 100 c c. of solution in both being the same. 

The experimental arrangement is the same as that employed in the previous 
work, vSpectra of the acid of different concentrations arc photographed with 
times of exposures nearly inversely proportional to the concentration of the acid. 
Spectra of concentiations 10, 5N, 5N, 2'5N and T.25N are photographed at 8(/’C 
also, to study the temperature effect. 

R A M A N LIN E S 

Raman lines in si)cctra obtained by the previous authors are given in Table I 
and those obtained by the author in Table 11. . 

Tahle I 

Aatlua RaniciD frequeimVs in rni^ 


PartlJasaralh^ 

'riiatlc and tkincsan 
Rauian 

Clicug 

Infra Red 
Kohlrnnsth 


^42 (3), 294 (.1), 333 (3), 426 (4), S75 (4), 648 (o), 

789 (2), 9gi (1), 1235 (2). 1366 <ib). 

433 I"'). 2994 bi\). 

79-1 S6S, 920, iigi, 1437 
12.38, 11.52, 1.1.85, 8.39, 6 q6. 

16s (2b, f), 232 (3b, e, r), 41 1 (6.sb), 561 (lb), 669 (isb), 
7yi) (uisbl. 901 {3.sb), 1181 (i), 14115 (3.sl>). 1670-4760(1), 
-'9.S7 (jl’t- 
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1) I S c S S I O N 


'J'he Ktinian speclrum of tliis acid is in many rcsi)ccts siiiiilai to that of 


Dtagr^fn t/c reprt rt' 

freQur.tiur-, of n^onoc/}hrr>,ii,r//^ m J/ffe^renr 






fuic I 


acetic acid. The lines 

j.^2, .13S, 610, 68.?, 7C)(), 

1205 and 2950 undergo 
very little change on dilu- 
4 ioii. On comparing the 
assignment of the lines for 
acetic acid studied by 
Koteswarain it can be seen 
that the lines of frequen- 
cies 790, 915, 1.^05 and 

1 590 1710 can be attrilmt- 
ed respectively to CA', 

C-O, CH2 and C-O bonds. 

The other lines are due lu 
some external oscillations. 

The line at 915 changes 
in frequency from 900 in 
molten acid to 930 in the 
salt, [*siinilar to the C-() 
lines in I, acetic acid, pro- 
bably for similar reasons, 

/.e*, due to the splitting 
up of the polymers into 
simple molecules. The 

band '>t'i590-i7J0 and the line 1-405 undergo conspicuous changes on dilution and 
variation of temperature. 


- ‘jN .JOC I 
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As in iJie case of acetic acid, this band can f)e regarded as composed of 
cmiiponeiits due to the polymers, simple molecules and ions. With increasing 
dilution and temperature, this baud shifts to a lower frequency due to increase 
in tiic intensity of the component rsyo attributed to CHoClCOOH molecules, 
due to s[)littiug up of the polymers (CHaClCOOIl).. On further dilution, i.c., 
from 2.5 to 1.25 and from 1.25 to 0.5N, the baud shifts to a higher frequency due 
to the increase in the intensity of the component 1650, which is the frequency 
of the band in the spectrum of the salt solution. This shows the evidence for 
the electrolytic dissociation of the acid- Since the band is very diffuse and is 
coiniiosed of components very close to it, a quantitative determination of the 
degree of dissociation is not possible. 

'I'he line at i/p)5 behaves in a peculiar way. It is found to be common in all 
the solutions, but its intensity falls off" rapidly on dilution and rise in temperature. 
Jn the salt solution, however, it is very intense. Probably, the line is common 
to all the radicals but its specific intensity corresponding to the normal molecules 
is perhaps very small. The feebleness of this line even in o'sN solution shows 
that the dissociation of the acid in this solution also is small. 

1)11 adding HCl, the baud at 1590-1710 shows (1) an increase in the intensity 
on the lower frequency and (2) a diminution in intensity on the higher frequency 
side indicating a large increase in the number of normal C 1 I-C 1 C( K)H molecules 
due to (1) a decrease in the dissociation and (2) a large splitting of the polymeis. 
The latter result is in conformity with that obtained in the ca.se of acetic acid , 
and the former with those reported in a previous paper by the author '* On the 
efl'ect of common ioii on the dissociation of strong electrolytes ” (Kao, N. R., 

TO Die AND TRICHbOR ACiniC A C 1 D .S 

Studies on these acids are givcu in detail in the previous iiapcrs of the 
author (Rao, N. R., 1942). Hut a brief account of the results obtained will be 
given below, as far as it relates to the present paper. In iodic acid, concentrated 
solutions show diffuse Raman lines at 636 and 790. The latter was regarded as 
composed of eomponents at 770 and S25 characteristic of (HlOj);, and HIOj 
respectively. With dilution, the former diminished in intensity with a corre- 
sponding increase in the intensity of the latter, indicating gradual splitting up of 
the polymers into monomers. The effect of increasing the hydrogen-ions on 
the molecular association of this acid could not he studied as it does not dissolve 
to a sufficiently large extent in solutions of other acids. 

In trichloracetic acid, the C-O band at about 1700 shows similar 
behaviour as iu acetic acid, with this difference that in this case the diminution 
in the intensity of the component due to the polymers is very rapid and is almost 
absent even in 6N solution. 

O K N E R .A L CONCLUSIONS 

From the foregoing work, the following conclusions can be drawn 
as regards molecular association in oxyacids 
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I* No evidence for polymerisation could be found in solutions of stroiij; 
acids, H3SO4, TINCXi, HClOiand H3PO4. 

2. Weak oxyacids like acetic, formic and benzoic acids sliou* the presence 
of polymerised molecules in their solutions, Evidence for this can be gathered 
from the work of previous authors, e.g., Kolcswarani, already referred to in the 
course of this paper- 

3. Oxyacids of intermediate strength, iodic, monochloracetic, and 

trichloracetic acids, contain polymers in their solutions. 

4. From the above results, it can be seen that the weaker tbe acid, the 
larger the tendency for the molecules to polymerise. This can also be seen on 
examining acetic, monochloracetic and trichloracetic acids which have similai 
structures but have a decreasing tendency for exhibiting as.s(U’iation and increas* 
ing tendency for dissociation. 

5. These results show that while the presence of donor and acceptor 

atoms is essential for the formation of polymers, this is not the only facloi. fhe^ 
nature of both the solvent and the solute plays a great part in determining the 
degree of association. * 

6. Addition of hydrogeu ions will cliiiiiiiish polymerisation. This could lx? 

definitely tested only in the case of nionochloracotic acid. 

It is likely that due to the supply of a large numher of ions by IIU, the 
dielectric constant of the .solutions is increased, e.verliiig more electrical pressure 
on the polymers and hence the suppression of associatioir on the addition of ions. 

In conclusion, the author lakes great pleasure in recording his grateful 
thanks to Dr. T. Ramakrishna Rao, under who.se direction the jircseut work was 

done. 
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STUDY OF ELECTROLYTIC DISSOCIATION IN STRONG 
ELECTROLYTES BY RAMAN EFFECT 

TRICHLORACETIC ACID 
By N. RAJESWARA RAO 

(Received for l^fthlicaiion, .^cplcuther ij, 

ABSTRACT Tlie Raman spc^rtnnn nf tn'diloracetic acid exhibits ronspinjnus cliaiifjfcs 
on dilution of llie arid. On eomparing the spi'Ctra of the acid at different concentrations and 
of litliiiiin and sodinin sails of this acid, the line^ of this acid are attributed to different kinds 
of indicals, (CC 1 ;;CO 01 I)l 2 , CCljCtKlH and 001)000, This assignment is further supported 
by the conespoiiding changes that these lines undergo on increasing the tenipcrahire and the 
hvdrogcn-ion ('oncentration hy adding hvdrocliloric acid to this acid- Also, on comparing this 
acid with acetic* acid, the lines are attrihufed to different lionds, C-^C, C— 0 -0, elc\ 

1 N T R 0 T) IT 0 1' 1 O N 

It is well known that trichloracetic acid is a very strong acid, comparable 
to nitric or hydrocliloiic acids in dilute solutions. But there is no evidence to 
show how it dissociates in concentrated solutions as the electrochemical methods, 
usually adopted for such studies, are applicable only to dilute solutions. Bjit the 
method suggested by 1 . R. Rao (1930), i.c., by Raman effect is best suited for 
such studies and has been adopted by the author for this acid also. 

'I'he Raman si)ectrnm of trichloracetic acid has been studied by Woodward 
(1937), Parthasarathy (193.]). Thattc and (laucsan (1931), Kohlramsch (1933), 
('.hosh and Kar (1031) and Cheng (1036). The studies were confined only to 
concentrated solutions and it was generally found that the Raman spectra were 
superposed by an intense continuous background. Woodward rei)orted no 
apparent change in the Raman spectrum of the acid with dilution and came to 
the conclusion that no relation could be found between Raman effect and electro- 
lytic dissociation of this acid from his spectra. No other systematic attempt was 
made to study the dissociation of the acid at various concentrations by this 
method. 'The present work is an attempt in that direction. _ 

J-; X I' R R I M K N T A L 

The acid was distilled under reduced pressure by continuously drawing out 
the decompo-sition vapours and^ the distillate is collected direct in the Wood’s 
lube. This is found to diminish the continuous spectium to a large extent. With 
this sample, solutions of concentrations 9.0, 6.0, 3.0, and 1.5N are prepared with 
double distilled water. Also, solutions of CCl..,COt)Na and CCLCOOLi of con- 
centrations 3 -oN each are prepared with pure substances. In order to help 
correct assignment of the Raman Hues to various radicals, a mixture containing 
1 .3N of this acid with 2N HCl is also prepared. 
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While studying the acid at highev iLMiipcralurc, it was exiuTieiiced lliat llu^ 
decoiTjposccl vapours fortiied bubbles near llie suriaee cd the lube, whielj slioiigly 
diffused the direct niercLiry arc light. In order to avoid this, the tube is kept 
vertical and the scattered light is reflected, l>y means of a luiinn set at .15°, to 
the slit of the spectrograph. With this arrangeinciil, the .speclia of the molten 
acid (at 60*^0 and of gN and 6 N solutions at 8o”C aie taken. 
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The lines and corresponding inlciisilies an- presented in the diagram, 
't'able I gives the freciuenries ol)tained by different atithors, wliile 'Talile 11 gi\es 
those of the author. 
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From a comparison of the Raman frequencies and llie intensities of the lines 
obtained by variiAis authors, it can be seen that except that of Kohlrausch all the 
other spectra were superposed by an intense continuous background which 
masked the lines. On comimring the results obtained by Kohlrausch with that 
of the author, it is seen that there are discrepancies in the values for the frequeii- 
cies. This may bt‘ due to tlie fact that the lines are dilTnse and exact location 
of tlic maxima is difficult. 

The bands at lOSg and 17.13, f>bscrvcd by Kfdiliausch, are not found to be suffi- 
ciently resolved, nor are the two lines of frequencies .133 and 447. All the above 
autliors, excei)t Woodward, cjbserved the Raman spuclruni either in one concentra- 
tion or in the molten acid only. Woodward studied the spectra of the acid in 
two solutions but could mU observe the important line 1295, and thus came to the 
conclusion that nothing can be said from bis results as regards dissociation of 
the acid. 

In the diagram the bands 712, 730, 750 ; .S50, 803 and r03o, 1680, 1700 are 
not as resolved as represented. I'lieir rcsolnlion is exaggerated in order to make 
the assignment clear. 


T i L citi ori of t rtqu t nc i c s j vr 

^Jj:3 tio m* or h / - f f\lvr o <dc (i ic fjjid }) nc/ ift, so//. 
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The Raman spectrum of Ibis acid is similar to that of acetic acid. Koteswa- 
ram (1938) assigned lines of frequencies 872 and to C-C link, joio tcj C-O, 
the composite band at about 1700 to C — t), the group of lines 28S1), 2910, 299(1 
to CHa, in the spectrum of acetic acid. vSiuiilar c^msiderations help assignment of 
lines in trichloracetic acid also to difTcrent bands, ^JUiis assignment is also rci>re- 
sented in the diagram. 

From the diagram It can be clearly seen tJiat the Raman spcclnmi of the 
acid changes with dilution, temperatuie and with iiicieasc of concciili I'lion of the 
hydrogen* ions by adding HCb These variati(ms can he interinetcd on the basis 
ot the changes in the dissociation of the acid. 

'I'hc band 1030-1700 is found to be common to all coiiiponenls having the 
C-( ) band and hence can be atlribnted to it. In sohiliojis of acetic acid, this band 
uas observed by Kotcswarain to he inci easing in frequency on dilution and 
temperature- He explained that it can be legarded as composed of two compo- 
nents corresponding to molecules of the type (CTI.jCt )i > 11 ).; and Cl I ,Ct n dl, tlie 
lower frequency components iK-ionging to the former. ( hi increasing the iliUilion 
or the temperature, tlie lower fre<iuency siele diminishes in intensity indiealing a 
diminution in the number of i>olymers wbicli split up into monomers. Similarly, 
ill the s]ieelrum of the trichloracetic acid, the coiiiponenl i('>8o which diminishes 
in intensity with dilution of the acid may be attributed to the (OCbC't )( 
molecules, which, on dilntion, split up into normal CC 1 ,C( h'lll moReules, giving- 
rise to the coiiipoiient at 1700. The rapid diminution of the inleiisUies of the 
Raman lines jrfi and 1400 also can he e.xplaiiicd on the above liasis. 

'Phe bands 712-750, 856-SO3 and r63c>^j7oo can be regarded as composed of a 
number of coinponcnls as shown in the diagram. The comiionenls 730, S()3 and 
1700 diminish in intensity on dilution and.are absent in the .salt solution. 'Phis 
can be exidaiiied if they are atlribuled to the normal CCl^C^ K)II mokcnles, 
which dissociate into ions on dilution. The brightening up of these lines in the 
IICI mixture, from suppression of dis.sociation, may lie ex])eck'(l to support the 
above view. 

The components 730, I2cj5and 1(130 are absent in coiicentraled soluli(jn of 
the acid, but first make their appearance in the spectrum of the 3^ solution. 
With dilution they become more intense and are briglitcst in that of the salt 
solution. Those lines can be regarded as characteristic of the CCl.jC( ) 0 ' ions. 
The absence ol this line in the HCl-niixturc corres]>oiKling to tlie suppression 
of dissociation also is in support of the above view. 

The other lines 200, 284, 43^^, 712, 856 and 960 are found in all these solu- 
tions and can, therefore, be regarded as conuiion to all the Ihiee types of radicals, 
(CClaCTlOH),, CC 1 ,CC)()H and CC 1 :^'(K^^^ The gradual diniimuion of the line 
712 with dilution suggests that its specific intensity corresponding to the ions is 
less than that for the normal molecules. 
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Tliu nl>ovc assigiirnciil of the Hues to various radicals and bonds is cdcarly 
(U nioiistraled in tlie diagram. 


T U M V K R A T V R Iv J? V V 1; C T 

( )ji l ojijpaiing the intensities of tlie coinjjoueuts 712, 730, 1700, for the 
roneeiitralious 9N and oN at 3ij^C and 8o"C, tlie following points can I)e noticed- 
Al hi^gliei lem])C‘ratiire, 

r. ^I'lie coni]:)oiicnl at 730 increased in intensity, indicating an increase in 
the uuiiibei of normal CCl.^O )nll molecules. 

The C' --( ) l)an(l at lOSn shifts to higher frequenc}' (1700), indi('ating a 
djininution in tlie mnnbei of polymers, 

Mhenloie, it should be slated that jnst as in the case of e>ther associated 
molecules like acetic acid, this acid also exhibits dc])olyinerisaticjn with tempera- 
tine. 
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In a previous comiiniiiication by the aulliur (Rau, N, R., igi^;, it was 
rejjurted that it in a solution of a stiung acid llic concentration of the H ions is 
iucieased, the dissociatimi of the acid will be strongly suppressed. This point 
is tested in the case of this acid also. In the diagram, it can be .seen clearly lluit 
the intensity of tlie lines corrcsixmding to the ions arc strongly suppressed in tlie 
mixture with HCl, eoniiiaied to the pine solution of tlie same coneentration 
(1.5N) "I'his is a further proof of the correctness of the assignmcnl of the lines 
to ditleient radicals. 


1) I S C U S vS 1 O N 

The al)(»ve cliaiiges in the lines of the acid witli dilution sliow clear evidence 
foi the (lissocialioii i*f the acid. A (iiiautitativc investigation of the degree of 
dissociation is not possible for the following reasons. On expo.siire to the 
incident radiation, the solutions develop, owing pci haps to photochemical deconi- 
[losition, a sliglit violet colour, which is ditlcrenl for diflcrent^conceutrations. 
Hence, they absorb light to difl'ereiit extents. On account of the fact that this 
colour increases with time, it was not possible to determine the actual absorption, 
witli a view to eliminating its effect on the relative intensities of the lines. 
The continuous background is also found to increase on dilution. 

But a rough estimate of the dissociation in 1.5N solution of the acid is made 
by comparing the intensity of the line 1-295, correvspoiiding to the CCI3COO' ions 
in these solutions with that in the salt solution. Such a comparison shows that 
the degree of dissociation in i -sN solution is only 60% , while the corresponding 
value foi nitric acid is about 95%. Hence, it should be concluded that this acid 
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is much weaker than nitric acid in concentrated sohuions. In dilute solutions, 
the two acids arc ol the same strength, as revealed by conductixily data. 

In conclusion, the author wishes to record his guiteful thanks to l>i. 1. 
Rainakrishna Rao, D.vSe. (Loud.), under whose direction the present work was 
undertaken. 


U h V !■: R !■; N C !•; ,s 
,'hnf. Phy.\. (ii) 5 , 4,^7. 

<.".hosli iiud Kai, J. I'livs, ( 35, 17 ,^ 3 . 

Kohlran.sdi, /■ ('/u’hi , 21B, 

Kotes\N aiiiiii, /r//. / /'//v'' , 110, iiS 
I’arlliasdiatliv , S , iy;^ 4 , l*hil 77, 471 

Rao, 1. R., 1930, I'loc. /\(»v. ■S(>< . I \ tfislctdittuK VAl 
,, ,, {L<)fnioii\ 33, (> 34 , 

Rao, N. R , p.M'i, Ctinciil Siimci^ 1 , 13 
'riwilte and Oanesan, 0)31, rhil I\]oi[ , 12, 
VVtHidward, L., 1931 , Idiysik. A . 32, 77 ,. 



45 


FLUID FLOW THROUGH POROUS MEDIA. PART III. 
AIR PERMEABILITY OF CONSOLIDATED SANDS 
PARTLY SATURATED WITH WATER* 

By N. C. sen GUITA 

il\ii rived jvf Inthlinilinn, Mov. ji, /g/^ 

ABSTRACT An siiilahU ft)i iiU'aMiiinj,; ^;as lu-njiculjilitfc s of 

.'•.'iikIa, pat 1 ly -nil iiKitial w illi Ii(iui(ls is deaci ilKal 'J'lic maximiiiii nitfs of flovv of aii bt yond 
wliic li tlic olt.d VI (1 prtiiK al)ililir.s tend Uj iliniinisli urre found for sc\eii samples of dry 
('onsolid.'jicd odw ell sands fiuiM Assam oil fields. Air perincabilitits of these eore samples at 
ilillert III depiai'snf water saltiiaiion w (Te oldaiiied keepinyf tlit' rale of flow of air within the 
ahove liiiiil. Wdien the ^el.lti^'e aii pei meahilitiis w-ert plotled a^i^ainst tlie eorn-spoiidiui; 
>\atei ,>almalioiis the tames ohtainetl with the different eoie samples eonld la ilivided into two 
fyiM s 111 Hit lirsl t \'j)e the ail permeahilily >\as constaiii within tin limits of experimental 
eiioi mil il tin* li(|uid saliiratitm exeeed(al a ecatain valiu — beyond W'liieh the permea- 

bility diminished, and finalb became /.eni as the litpiid saturation approacheil ijo*',, With 
Die set (Jiid I vpe td t in \ (‘ lhe«|)ernieabili(\ bt ^nin to diminish .e. the liijuid saturation increased 
Imm /t‘io. The uniainiiii^^ ])orlions of the euive were .similar to those of the first type 

INTRO 1) V C T r O N 

0 

111 llic fiist and second pails of this series (Seiignpla and Mg. 'I'liein Nyun, 
lo.j.:, nieasureinents on the use of gases for measuring true pcnneahilities 

of liorous media, and tlie 1 elat ions between itorosity, i»ermeability and average 
gr.iin si/.e ol a number of oilsands obtained from Burma were reported. In these 
nieasureinents the cures were extracted with chloroform and then thoroughly 
dried bcfoie inca.suring their permeabilities. In all technical problems associated 
with How of Ihiids lliroiigh porous media llie latter aie almost always partially 
satiiralcd with oiu' oi niore fluids. Foi exam])lc, oil.sands may contain, in addi- 
tion to ciiule oil, cither water or natuial gas or both. It is desirable in such 
cases to investigate conditions of flow of one fluid through con.solidatcd sands 
inirlly saturated w ith aiidthcr fluid. In the present paper results on flow of air 
througli cores partially saturated with water have becu reported. 

'I'lie permeabilities lx« were calculated using the relation: — 

.. 2V. p. ij. h 

wliere V in the volumes of air in c. r. flowing per second at atmospheric pressure 
through the cylindrical core of length 1, cm. and area A sq. cm., -pa is the pres- 
sure of the inflowing and />i that of the outflowing air, p the atmospheric pressure 
all cxi)rcssed in atmospheres and >) the viscosity of air in ceutipoises (o.uiSq c.p. 
at e5°C the temperature of measurements). 

Coiiiiiiunicatecl by ITol J N INiuklici jt?t *** 
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The permeabilities of the partly saturated cores were e.xpi.-.ssed as fractions 
of the permeabilities of the dry cores and the liquid satnraliuns were expressed 
in pciceiitages, tliosc of the completely saturated coils hciiig taken iou“[, . 

EXPERT M !•: N T A L 


1 he fii>paiatus used foi the present incfisurcaiients is vshowii iij Imlmjvc i 
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Fig* I 


It is different from that described in Pait I of the series, 'I'he core holder 
is very similar to that used by Muscat (1037) and otheis except that the cores 
were sealed in brass cylinders and held in position in the cure holdi i l^y riiliber 
vvasliers, 'I'hc brass cylinders were removed from the core liolders from time to 
time and weiglied to determine the relative saturations. Air was taken from a 
pressure cylinder and dried by passing through a ehaniber containing fused 
calcium chloride- The pressure of the inflowing aii was obtained from a inercnry 
manometer and that of tlie outflowing air from a water manumeler. The rale of 
flow of air was measured with a capillary flow-meter previously calibrated using a 
gas burette. 

The core samples were first cut to the proper si/e, extracted willi chloroform 
and thoroughly dried. Each core was then sealed in pixsition witJi sealing wax in 
a brass ring. The brass rings containing the cores ^^c^e weiglicd when dry and 
again when completely saturated with water, the difference giving tlie weigdil of 
the liquid filling the pores* 

It was shown in Part I of lliis series that the measured permeability dimi- 
nishes when the rate of flow of the gas exceeds a certain limit. Similar measure-^ 
meiits were also made with the seven core samples used in the i)resent measure- 
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merits ami the limit itig rates of (low helow which the measured permeability 
I emained roiistaiit were ascertained. In measurements with partially saturated 
cores the rates of flow of air were kept within this limit. 

R Jt S TT L T S AND I.) I S C U .S R T O N 

ilie rates of flow at different pressure gradients through several core samples 
are given in Figure 2 and in Tables I and TI. 
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The i)urmcability remains consiaiil (within a maxiiiumi enen* of 1 
until the rate of flow exceeds a value of 0.5 — n.o e e. /sec . / s(j. cm. Sinidai results 
Were also obtained by Cailson and h'astman (jo]o). In the nieasin eiiients repotted 
below the rates of tlow were kept below 0.5 r.e. per sec. per sep cm. 

Air pcvinea])ility at dihereni dep.rces of watei saturation are shown in 
Ingurcs 3 and 4 and Tables III and IV. 
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Table III 


Table IV 


Cmr Ni). 7 1,1)5 riu 

sL-t'tiDii - sfj 

Area nf cross 
cm. 

Core No. 5 

Length 2.00 cm. Area of ('loss 
scciion 9.2h sfj.tmi 

\N'nltr 
snf iimlinn 

1 

IVniitfiliilil V 1 
hiiillitirnt'v 1 

1 

t 

1 

Rcl.iliw 

pcnneability 

Pt n cjita^c 
\\ liter 
sahiration 

1 

Perniealiilit} | 
(millidiircvl 

Relative 

permeability 

95, S 

f) 

• 

83.0 i 

1 

1 1 

— 

St). 6 



7 ^ 1 0 i 

3 7 .^ 

0.0275 

S.l.o 

(i 

- 

^v ;.3 


0 0.198 



0 04 5 

61 .s ■ 

5 ^7 

0 0698 

6(Kn 

hj) 

1 ).i iiS^^ 



o,o()j.1 

^11 .0 

in. i 

0 1 

1 

g.ui) 

ri.l 167 

55. 

17.2 

0 - 7 n 6 

19 ■; 1 

j 2.^)0 

0 1582 

5T,1 

lS/,^ 

n 21S 

1 

?i 

0 258(1 




1 

3-1 0.S 

" 4^9 

30.7 

1 

0 

>*■’ 7 

. 39 .,S 9 

j 

ci,4.S7i 



t ».^6n 

2 J . ! 

63-39 

0 77i>S 


■ 17-3 

0 566 

1 , 1-9 

76 7 -^ 

'*• 91.39 

25,S 

49.1 

"•,s8i 

1,0 

KI.2H 

I .00 

iS.g 

60. tj 

0,720 

1 ».( » 

81 2S 

I. CO 

i.l(> 

6,],() 

O.76S 

— 

— 

— 

It) 1 

7?. 6 

o.Ksg 


- 

— 

» t.i' 

S3.S 

I .Ot) 

— 

— 

— 


Wliilc curves plotted in Figure 3 approach zero lifpiid saturation asympto- 
tically those plotted in Figure 1 make an angle at zero liquid saturation. Other- 
wise the curves are all alike in shape. The slopes at the point of zero liquid 
.saturation do not .seem to defieud on the permeability of the coreg.. Again, some 
cores attain zero air permeability long before complete liquid saturation is 
obtained while others approach zero permeability as the liquid saturation 
approaches 100%; cores showing the former behaviour generalh' have lower i)er- 
meabilities. , 

Knitter (1941) made measurements similar to those reported in this paper. 
The author is not aware of any other work of similar nature although the 
simultaneous flow of two or three fluids through loose as well as consolidated 
sands was studied by Wyckoft', and others. (WyckolT and Botset, 1936; 
Keverett, 103S, Botset, 1939 ; Leverett and Tewis, 1940). Wyckoff and others 
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made iiicasnreinciUs using very highly itenneablc roves and (d)lained runes which 
resembled in some respect those reported in Figure 3. Knitter found that 
different core samples produced curves of dilTerenl shai>es allhongli his axerage 
curve was similar to those of Wyckofl and others. The reason why dilTerent 
cores would show difl’ereul permeability/litjuid saturation curves does nol appear 
to be very clear. 
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ON THE THEORY OF EMISSION OF ALPHA-PARTICLES 
FROM RADIOACTIVE NUCLEP 

By G. P. DUBE 

ANU 

S. N. JHA 


(oi l^iiblnaliDn. N(ro /o/'ji 

I 

ABSTRACT. Tliu u potential hole* of Cniulon-rTunuy-danif av inufltl Ii.en 

luplaiad !)>' an ( l)ot(‘iiti-il funclion V - — Y„p ^ and an expression ha*- heeii 

u'oi k(d oil! lor the deiay t onslant A. It is icjinul llial tiu' exaet form and magnitude f)f the 
pott nlial funiTion insidi the nueleus pla) s a \eiA msignitieant role in the pn^hleni In the 
Iwo limiting ease.s V,, very smiill and V,, v erv large, the dreay efuistants hoth 

iiideix ndeiit of V,, and ratio Au* a,, is of tin- ordoi s only 'Fhe mudear radius ; lias been 
vaK'nlate'd using the e\[u riiiieiilal data foi the (t(.*ca\ eoiislaiit a and thi* eneigv !{ and all the 
ladii exeept thuM of TliC. Ka( an found jo hi' between 7. R and u 7 -< lo ' eni. whii'h is ot 
Die right oi'dc i ol magnitude and agrees in a sallslaetol ^ mannei with Ihosi. obtained by the 
preMous wiJikeis will) tlu luie-bod) pieluri' o| the niiideus. 

A salisftK'tory explanation of tlie emissi(ui of alpha-particles froiif ccTUiiii 
radioaclivu siil)Slau(T'S was first given by Condon and (inrney (h):’o) and indcpcii- 
deiilly, by (ha mow (lojd), who considered the prolneii) as a transmission of 
alplia particles llirongli the nncleai potential barrier. loir case in calculation the 
nucleus was rcprescnled by a rectangular potential hole of a certain constant 
depth and a widili p, where /q is defined as the unclear radius. In the range 

r/ l> 

2/C*' 

'd ^ I llic polL-Ulial fiuiclioij was taken to be tlie Coulomb one V = ‘'-- — 

where / is tile atomic number of the product nucleus and ec is the charge of the 
aipha-ivavticle. Sucli a picture of the nucleus is very crude. As a matter of 
tact, experimental e\’idencos go to [irove definitely that the nucleus consists of 
protons and neutrons held together by strong and short-range exchange forces. 
'I'lins the unclear ])rol)lems must he regarded as lUany-body problems and not as 
one -body problems. 'I'he extreme ease, with which energy is interchanged 
between densely iiacked particles inside the nucleus, can be easily understood 
with this model, 'i'he emi.ss|on of an alpha-particle into free space after crossing 
the potential barrier which surrounds the nucleus is nnderslood in this way, viz , 
the interaction between the .several constituents of the nucleus leaves an alpha- 
pailicle with a certain kinetic energy; possessed of this kinetic energy the alphu- 
lunticle penetrates through the barrier. 'I'lie ideal calculation would be to find 
out the probability of the formation of alpha-particles from neutrons and piotons 
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and their being left with a eertaiii kinetic eneri^y and the next task would be 
to find out the t)eiielrability of tile alplia-pai licks thiuuj^li tlie nuclein poleiitial 
barrier. This is how the problem should be tackled if the nucleus is considered 
as a inauydKidy ])rol)leui. Unf<»itunately the niatliemalical ct>nip]exilies are so 
great that the niaiiy-body [)iul)leiii may remain unsolved ioi a consideiably 
long time. 

The exact faw of foivc between an alpha-particie and othei uucleai j^articles 
is at present unknown. It may be ex[)cctecl that the exact foim of the i)otenlial 
function inside the nucleus will not drastically modify the lesiills »>l)laiiud in 
the rectangular ]>otential hole model but a detailed matbeiiiatical aiiaKhi.^ nf this 
exj)ecled result lias not liceii attempted, llethe (i o.^/y mentions that the exact 
value of the potential depth is of no gieat iiipK)! lance. It wies tlierefoie thought 
necessary to examine this laoblem in detail. 

In the pre^.ent [)a[)er, the lectanguhu [)()lential hole of Coiuhant lurney- 
('•amow model ha.s been rei)laced by an expun.eiitial fiiiictiun given Iwg 

V=-Voc “' ... (i) 

and an expression has been worked out foi tlie decay constant A. It has l)een 
found that the decay coiislanl A does not sensibly dei>end on the magnitude 
of Vo and in the Iwo Ihiiitiiig cases, Vo \ciy smali and Vn vei\ large it is in 
fact inde])endent of Vo and the latio A.^,/Ao is of the ordei 5 only. !l is entirely 
a new’ result and [irovides a deal and detailed analysis and in suj)])Oil oi a Intlierto 
expected result. I 'sing the exiierimeiiial data ha the decay constant, the 
nuclear radii have been calculated and the values obtained are ijuite satislactory 
and agree well with those given by previous worKeis with the oiie-boily picture oi 
the nucleus. In view of the inure correct luany-body pii luie of the nudeus, 
the results presented in tin's paper are purely ol theoretical interest. 



The exponential potential function is shown in big- 1 as a function of r 
the distance from the centre of the nucleus. If v\'e consider alpha-particles of a 
given energy b«, we may divide the whole space into three regions as indicated 
in Tig. I. 
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(/) The inttrioi of tlie nucleus o< ^ ao, vvlicrc tliu [potential ciierj^y 


V- ^ 


(//') The ic>;ion of llic i)Otcntial barrier O) !:S f ^vllcre u is the classical 
(lislan 'L of closest api^roach of an alpha-particle of ciierf.’y K falling on the 
nuclcns from outside. In this icgion the potential energy i.j greater than the 
energy of the alpha-[)article. 

(;//) d'he outvside region r > o in which the potential energy is less than H- 

We consider the case when the wave function of tlie alplia-j>article is 
sjdierically syminelrical- This coiresponds to an alj)ha-particle of orbital 
momtuiUnii /■-(> oi what is known as the .s-state of the particle. The w^ave 
functimi of an alpha-particle can then be written in the form, \ 






wliere ^ satisfies the equation 




.^j\i 


ii)^ n- 

where M is the mass of an alplia-f)arlicle and h is Planck’s constant divided 
We take the values (birge, um i) 

M - o.bpi X io“^ ^ gin. 
h — 1.051 X erg-sec 

In the tliree regions marked in the figuic 1, the equations are 


Region I, 

Region 11 , 

Region III, 

In eii nation (5), V 
. 2Ze‘‘ 


(/'V 




'.M " 


'f 'f + 

n- 


(s) 

Cl) 




/2 


again 


ind p; — V is negative whereas in equation (4) V is 
but L{ — V Is positive. 


iMrst of all we give the solufion of equation {2). 
Putting 


ii\j/ _ _ __v_ (/V' 

til dy 


>^^' 1 ' J V 

dr® 


" ( d^ 1 d^ I. 

21 0 I ) dy^ 3' dy ( 


we have 


and 
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Hence the equation (j) transforms itself to 


/..li ^ .. uo n a + 


iiy'^ 3 ' * 




vM 


V 


We define 


/'■^= 'h^ - (-1 '(.)*. Vo 
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hi) 


tl 1 \ I i \ T ' 


Vu 


"riierefore llic e(|iintioii f.s) takes the form, 


^ 1 t/V" 

Jv" V dy 



( 7 ) 


(S) 


Tins is :\ standard tyi>e of CMinalion and is known as Vessel's ecinalion and lias 
been well-studied by tnalhematirians. Hei(‘ m is not an integer, tberefou the 
general solution of this equation is, 

■ipi = C.]^^ {I>y) t-lkj 

(o) 

where C and D are CfUistanls to be deteiniined by the boundary conditions. 
The first term corresponds to a ^vave travelling towards the right and the second 
one to a wave travelling towards the left after being reflected at the potential 
barrier. 

We next consider the equation (.0 in which case b - V is negative. Lei 
US define 

y (positive) (jo) 

The solution V'li in this region is of an exponential ( harac ter rather than of a 
wave ty[)e. As has been shown by Jeffreys (i(;2.';i) and later on, iii(U‘pen(lentI\ 
by Kramers (i(j26\ the two fuiidanieiital solutions of (.0 appioximale \'ciy 
closely to 



It is to be noted that decreases from the nucleus outwards and 
inci eases. At the boundary of the nucleus, function •/') (/oJ will l>e much greater 
than V'a(ro) because \pi contains an exponential with a large positive exponent 
while "^2 contains one with a large negative exponent. 

Lastly we consider the equation fii) in which case V is positive. At 
large distances from the nucleus, V is very small and therefore it can be 
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iiCKlcclcd. 'J'liu equal ion then becoiiievS 






2 M 


Ki/'==n 


of whicli a general solution is 

= -I B,-'"' 


wIhtc !■; 

1111(1 A and B arc some constants. By multiplying it with the time factor 

exp.f it can be seen that the first term represents an outgoing wave while 

the second teian gives an incoming wave. Tn the physical problem considered 
here, the nlpha-])ai tide leaves the nufdeiis and none comes towards it from\ 
outside, lienee we imt B = o. 


Therefoie, 


A. 


(id 


To obtain the wave I'liiiction for smaller values of ?, it is again convenient to 
use the Weir/el- Krameis- Brilloiiiii (1932) aj)])! oximation in the form given by 
Kiamers (icj.io). According to this method, the two fairly good approximate 
solutions of the ettuation ( i), which lit in smoothly at ? = /, wu‘th the two solutions 
given in (11) res[)ectively are, 


n} 1 cos j 

COS I 





I'he most general solnlion of the e(|ualion ( p is llien, 

V'UI — BiV';j + Bo^ 4 ... (j.]' 

In order that (uT may be of tlie same form as (12), we must choose 


B0-/B1 

Since, for large t, V can be neglected and therefore, 


VaiT — ... (15) 

Ccmiparing (12) and (15! we have, 

A-Bi/r*^ ... (16) 

At the boundary of the nucleus i = the wave function of the region I will be 
equal to that of region II and so will their first derivatives be. As has already 
been pointed, vd'ni- be much greater than 1/^2 < >0 b bence we may neglect 

and pul, 
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or = 11, I 

) 

-rAf.A ( aiHl vvc have iK-;lc('tctl i) tnin ' ‘ in 

[Oipr ]r^t^y ./? 

comparison with 0{ ; as it is nniiierically very small. 

We define, 

] 

} n t (a ) ft 


iH I 


- I 


'riiercfore, 


This Olives ns 


(/t = P I 


Cii' + 1 jW' “ li) ))/ {?r( j,| ) }^e* = n. 


I” ' i * "■ »o )} ' < * ''I'* 

... < 4 ^' - 7 ^. 


^ ni 


B ™ C 

The decay constant A is given by 

,/N=r= -AN(// 


... (iK) 




N ' iil. 


where ’ — ^ is the ratio of all the particles coming ont i)er second from the 

N dt 

nucleus to the total number incident. Tl)n& we have, 

X — .1 . I ‘b 1^ 

= 4-.v. I .^ 


= A’LjL . 1 l!i 2 
k ' 


* c~l is exp.l -1) and.ihciild not ht 
greek symbol f lepsilon) lias been n.sed. 

’7 - i.155T’-VT 


njnf used with the clettronic charge, for which the 
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Now inid — H) where V 3 ~ and defining 

JM n- 




... (iC)) 


we have, A “ . I C | . - 

INI 




h)) } 


— T 


,“21- / 3 

• I' ... (.30) 


It has been proved on I'agt; ^13, 'I'heory of Dessel Fnnetions, Watson (1022), 
that if V he not an integer, 


I -ir 


2 Sill r.T 


kcplju'iiij^ i' 1)y ni and lliu ari;nniciil , by tliis becomes identical ^^illl y defined 
in ddiereioic ue lia\e, 


__ 2 sin {in^) 


, ,> A siiib^b/TT 

and > - , 


I'sin^ llic expression foi iii and we liave 



"'S/'Go))'’ . (V, - 

a n 

!■:) 

\ V 0 

Also, 




Hence, 

, 4h'^ . suih-»i!7 

^ 3 r * 

cl 

' 



v.; . mg;-! 


' 1 ^' f Vo 


(^J) 


(.:.o 


I C !" can be delci mined I'rom the condition that the intensity of the incident wave 
is unity. Theiefore we have, 

f , iir=\ 

(I 

X 

Putting then - 8 -,y|C| 2 .^ 

p 

To perform this integration, we mahe use of the relation (7), page 147, W^atson 
(1022), riz., 

T HI 

•'v'-'J-v .i,(,,)5|'(v+lf,)r’{-v+s + l) 

,s -0 


Putting 


V = , /» 


^2-'''.{x !)=^I '(i»J + -f + I).!’’!-''; + : 1 
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Therefore we have, 

r ^ ( n (^ JJ- ^ ^ (c) I _ I 

J 7 ^ TTyTT/Tri 
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-- Jujj; 

(t ' /• 


( - i)' ] ) !(a/' '' ) 

2 !) ‘M \/ ?/ H ,s + 1 ) r( f /; ^ y -I- » ) 


•:s( ~sy 

(l-T ) 




:r(r l-!«)l’(i + /»,) + ^ ! . .s+i) 


(zA) 


hor small values of y> and heJU'C ol V(>, we can ne^^lecl all the leims eontaiiiiiij.* 
yd- niicl lii^di^*!’ powers and we have, 


,Cr^- . Pin nPP(T-/a) - ^ 

4^U> siniu?7r .i?oSinh ii- 


(*’7 


If yj and hence Vn be not nei;ligihle, \vc ha\'e lu lelain three or ioni leinis ol the 
seiies containing 1 ^. 'j'lic tlie rajiee of integration being small, a snniciently 
acciirale value is given by 


u' 

p' 


f, j-v-' ' +/'j . u,,. ==- -n,«| 




Ol 


iC 


, 2 


It / 


(2tt) 


Next we turn to the evaluation of the terms containing ft and /d. hoi all xalues 
of the Jaessel function J is delined by, 

^ OJ’(rlAHl) 


a 


Hence, 


ill) ' / \-in 


For hiiiiill valrics of .v, \vc liave, 




F, > I " ' " 
i Ij -f NT 

L = 'Xi -.«)!" 


r(T-»//) 




fin 

siiih U 7 ^ 


i:i7) 


When order and argument l)oth are large and comparable, a very good appioxi- 
inatiou to the Bessel function J^/^) Watson (1922), page 220, 




where 


j\I = . ?. — " aud Q. = 
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111 the prolileiii considered here i'=/h, hence 

2 cosh®(M-i e) 


or 


Ifi^ = 


71 V 

sinh nrr 




and also 


4r.silllui7T 


Tliercfore wo have tlie following results, 

2 


iC 


n^Ti 


.|fo sinli^ar 


lor small V(, 




:i / (, sill ir^' NTT 
|2 


for v and n large and comparable. 


X 

!/^ 


for hirge and » n. 

8) . siiih^air 


I\lakjiig use of the relation 




\vc luive 


|)('l 

A J-i«(a) 


Since we have tlie relation 


Ji< — ^ ^ 

Iheicfore, for small values of \ . 

J,.(a) 


1 a I _ a ^ 

'■ I 1 ) . r ^ * + I 


r 4 i'(v + j) [ 


^ \ 
Z r 


or 


?/'/_ zui 

■ A A* 


n / 

A 


, / \4 


— Il' . 


K 

v;, 


Kor large n and for large values of a, we have 

J— ( 7 *n dIa) J — ( n ( A ) . 


Tlieicfore 


5 ' , in . ■ i / ii 

^ A- V v„ 


V 0 


Using these lelatious, we get^ 

I I Vo 


h: 


' A' 


^ ^v, -h, j " ’I ' “^v, - ir \^‘-E 


(28) 


(jij) 


(>lo) 


(31) 


( 32 ) 



Theory oj Emission oj Alf-tha-particles 


n' ( Vo Y ^ 


for Vo comparable with b', 
aud 


i'(V,-K 


II ■' < V j 2 s/ t‘\\| ^ V [ 1 ', ) 


= / fo< Vo large. 

ctV 1 — l',l 


By the help of the relations (7), (e.O, (’o) anti (31), for very small valueh of V 
\vc therefore have, 


anti (33), 


4 v' 1! 

(V,-] 0 "c"“'' 

... ( 3 'l) 

h) \ M 

V„, wc 

liLive, usiug the relations (6), (17), 

(23I, (2.0) 

1 

j((“ + 1 

i 0 V 

Ct 

1 

T 

> 

'AS) 


h'or values of Vo comparable witli M, we have, using (..’3), (20) and (33), 


, /, , (VoIrl'D-^-J VoirU _ 

A- ■' .V W ~ ... ( 3 '.>l 

Vo + <'V,-2V.Vo(V,-K) 

It is to Ire noticed that Ao and A.j, are both independent of V,, and that (3(1) 
reduces to (3,1) and (35) in tlie limiting case of Vo very small and V'o very large 
respectively. Also we ha\'c 


Vi Vi 


■■ (37) 


If we choose for 1,1 the nuclear radius the value o x ro"'®cm. derived with one 
body model from experiment, Bethe (1037). for T'' fbv average nuclear charge of 
radioactive elements, about S6, V 1 comes out to be 27 MV ; and for li we choose 
an average energy ti MV. Therefore the ratio Ao/A„ comes out to be .1; only. 
'I'his leads us to conclude that the decay constant A does not deirend sensibly 
on the exact form and magnitude of the potential function inside the nucleus. 

The most important factor is the exponential term and for the sake of coniidele- 
ness w e discuss its nature. As defined in (17), 
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Substituting cos®» = ,, 01 we have* 

p.^= V 2M 4 ^^* f "giuaojjn -.V [j„„-sin 200 J 
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l'\)r c()iiii)arisf)ii with the vxpcrinieiital data, it is found coiivciiicnl to use the 
L'Xperiniuiilal data for llie decay coustaiit and the ujiergv of tlic alpha-pariclc and 
to cc)ni])uU^ llie incleat jadius from these data uith the help of tlie derived theu- 
letical formula. If the forniiila is correct, the radius i(, must come out to he 
nearly the same for all radioactive nuclei. It lias already been shown tliat the 
exact shape and mai;nitude of the potential funetiou inside the nucleus plays only 
a very insi^iidicanl role in t)ie i>roblein and llie I'atio A^/A() is of the order 5 
(eg. 37 )> lienee we adopl as the final formula, 


... (/lo) 


This can be written in the form 


A = A(li, Z, }o)c 
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K, Vi being in million volts. In valculiiting .\, ue haw tahcn llu valiu- of V, 
coiiesi)on(ling to /o 1 ('m, 'I'Inis uoljavv. il \'j bo in million \’oIls, 

V I ~ .3 

Usiii^ llic ivlation 


iIog,„A-log,„Ai 
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Tin's enables ns to calcnlale i:(0\ Iroin tl\e expcrinieiilal data i)f the deeay coiistaiil 
A and the energy I , in million Vi>Us. The lesnlls .uiven in 'I'al^le 1 \e\vc bu n nsecl 
to caienjale 0 mid then the unclear radius f,, is i^iveii b} 1.1 k‘ relalioti, 
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The calculated vaiues o\ the nuclear radius aie m 'I'able 11 and all radii 

except those of 'Tilth KaT lie between y.-'-' and o 7 x 10^’ ‘ ems 'These au* i4 the 
right order of niaginlnde and compare m a salisfacloiy manner with tliose oIk 
tamed liy ('lamovv (loiol, '107^71 and by Helhe (1037) 
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STUDY OF ELECTROLYTIC DISSOCIATION IN STRONG 
ELECTROLYTES BY RAMAN EFFECT 

MISCELLANEOUS SUBSTANCES : PHOSPHORIC ACID, BICARBONATES 

AND PERCHLORIC ACID 

By N. RAJESWARA RAO 

(/Vr< ('/iN’J io} 17, 10 1 1 ) 

ABSTRACT. In this pajui^ :i lU Liijul ^hi<h ui I'liT’l rols I ic n ml u*n ill ir 

.‘irid and plm^phaU s, iHr.irln aiatc and |h icldfi ii u id is di .^i 1 iLi il lEiiiiaii slu i ti.i ni Milutioiis 
!•/ pliosphoiiu acid au‘ (|ri(t Mnnlai In tlial nl .sidpliini'’ ariil and tla Inn s atli il mU d 1< 1 
vaiiuiis kiiiil.s t)l radicals, ll jIM IJj^I'i II I’Mj and IM A stmL 1 •! IIh m lines in solulmns 
of lliC' acid and ol ||ju sail 1 c\ Ctdcd I hat llii ilisso* lalioii mI plinsplii a tuidjsijniu rapid as 
far as llic rciiKA al of the first h^■d^^l•('n inn is cnineriud, while hnllici dissnirilinn is m'I) 
slow. No I'vidcjicc* foi the dissocialimi ol the ioirs is loniid in soliiiions ol phosphates and 
bicaihonates could In traced Iroin tin si studies. In .stdulions ol pcrchloiic aud, below 70%^ 
eNideiH'e bn the prcsenci' ol niuhssuciated inoU < ulcs i.donnd II is n nu lulled that tin’s iieiil 
is not as .sttung us was supposed tij in 

I'liOSl'irO K 1 C A C J 1) 

Iniiodiiclion , — Klectrolylic dissociation in phosphoric acid and pliosphates 
lias been studied by a niinibcr of investigators including Nisi (ipaij), Hell tiiid 
Jeppesen (1935), Schaefer, Matosi and Adevliold (1030), Hil)l)en (1931)^ and 
C. S- Veiikalesvvaraii (1936). Nisi observed liiie.s of fieijncncies 336, dpS and 
911 for 84% acid, 512 and 906 fur 50%, and 505 and (S95 lor 25% suhUions 
of the acid. These results have been confirmed liy Hell and Jeppesen. Nisi 
obtained lines at 35S, 518, 889 and 1061 for a 38% solution of dihydrogen 
sodium i)hosi)hate and Schaefer and co-workeis recorded a line at 92^ for crystals 
of tertiary phosphate of animoniuni- Venkalesvvaran worked with the acid in 
a number of concentrations, lie also worked with solutions of a number ol 
salts. The author attempted to study this acid also along with the substances 
published in this scries (Rao, N. R., 194^)3 i94^» ^94-) investigations, and 

found that the results and conclusions of tlie i^revions authois lecjuiie modifica- 
tion. 

K X P K R 1 AI H N T A h 

The reason why comparatively little work is done in this acid by Raman 
effect is that its Raman spectrum is invariably found to l»e sui)eri)oscd by 
an intense spectrum. Somehow, it is found very difTicuU to remove this by 
purification of the acid. Therefore, other methods of dnnmislmig this, i.c., by 
making use of filters is resorted to. 

H— i.1=;5f*-Vl 
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First, llic iicid in tlic coucentralccl state is mixed witli a little nitric acid— 
as in the case of siilpliuiir acid -Rao, N. R. 1940) — and heated up to ^oo^^C, 
when most of the impurities would have oxidised. This is found to improve 
the spectrum to a lar^^e extent. Then the acid is filtered through a sintered 
glass funnel while hoi. This removed the dust in the solution. Solutions of 
the sails are ]Jin ilied hy treating them witli ])urified carbon and then filtering 
through (iiiantilalive filter paper in a sintered glass funnel- Thus, solutions of 
the acid of concentralitms, 7S"<», ^^nd 15% of sodium dihydrogen 

phosphate of concentrations ^.7, and 1.43^, of sodium inonoliydrogen 

]>lio.sphate ol concenliatir)ns 2.5, and J-5N and tertiary idiosi)hate of concentration 
\ are prepared. 

Inspite of tliis laborious ijurific.ition, cojilinuons spcclrum could not be 
avoided witliout the use of filters. Also, in the cases of dilute solutions of the 
acid and for the solnlions of the salts, concentration l)eiiig low, long exj)osures 
were required to get tolerably good speedra. In llie.se cases, the continuous 
s])ectrum was sujipressed to some extent, liy using a double jacketted Wood's 
lulx*. The experimental licpiid was placed in the innermost tube and two outer 
jackets were filled with solutions of sodium nitrite .and of iodine in carbontetra- 
chloride, in order to isolate the hue of the mercury arc as miicli as possible. 

RAMAN RINKS ()K ]‘ H ( ) S IMl ( ) R ] C ACID AND 

V n 0 s V II A T n s 

Of lire work done by various authors, that of Venkaleswaran {hn\ cii.) is tlie 
most recent and in many respects exhaustive. Therefore, the Raman lines 
olitained by Venkaleswaran are given here in Tabic I for the sake of convenience 
f)f comparison with tliosc of the author given in table IL 
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In thu above tables, the letler.s in tlie brackets represent the intensities, w-weak; 
V. w-very weak; v. w, d-very weak and dilTuse; w. d^weak and clilTiise; nninedimn; 
in. d-inediuin and dill use; st-stronj[;, st. h-stnnig and broad* 
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The Raman specliuin of phosphoric acid is (piite siniilai to that of snlplmric 
acid and tJie assignment of lines to diflercnt radicals in the former can, therefore^ 
be made on lmc.s similar to that of the latlei . 

Venkateswaran assigned the lines at 1085, pSf,, 515, and In IH),, 

975 , SSo, 515 and 363 to IJ PC;,, 1085. 885, 515 and 360 to h,ns. He 

did not assign any lines to PlaPt), molecules. He suggested that the line at 
gi3 shifts to 880 as the acid is diluted from 85% to 3'^/;',. He seems to have 
regarded this as a concentration ehect, and considered the acid to be largely dis- 
sociated into H.PU, ions. This warrants a Jiigli conductivity for the acid even at 
higli concentrations, while exiierimeiit shows that it is so even in conipaiatively 
weak acid. 

Another point to be considered is that he give.s 080 and 075 ha the V'aliies 
of the lines characteristic of PU, and HP(;, ions, wliile the cones] )onding lines 
in the spectr^t of the tertiary and secondary salts obtained by the author, are 
found to be well separated w ith a frequency difference of .jo enf \ the frecjuency 
difference in the spectrum of the secondary salt being greater tlian that of the 
tertiary, contrary to what is represented iiy Venkateswaran. 

The groups of lines at 300, 515, 8go and can 1060 be regarded as composed of 
components corresponding to r( IIPO,, H:iPC)j and H.^Pm,, similat to those 
at 4^0, 550 and oou in .solutions of sulphuric acid, wliere they were consider- 
ed to be composed of components corresponding to radicals Si >4, IRSO^ and 
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lI;.Sn,, 'riic tine at ooo in sulphuric acid has a component at 860 correspotidiiig 
to IlSO, ions but with its specific intensity much less than its neighbour gio^ 
characleristic of ll.SOr Similarly, for phosphoric acid, the line Sgo appears 
to be very feeble and to have a little lower frequency in the speclniin of the 
secondary salt while in the the primary sliU and acid, it is the most intense line. 
On the al)ove basis, the lines are assigned to different radicals and are 
vepieseiitcd in tlie diagram. The three groups ot lines mentioned above are 
not resolved as reprevSented in the diagram. Their resolution is exaggerated in 
Ol der to make the assignment clear. 
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T'hc line at to8u which appears in all the spectra is of doubtful origin. 
It is most intense in the spectra of the primary salt. It is very diffuse in the 
most concentrated solutions and gets sharper with dilution. From its large 
intensity in the spectra of tlie primary salt solution, it is likely, that it is 
characteristic of the JhlT)_i ions. Its appearance in the secondary and the 
tertiary .salt.s may be due to the hydrolysis of these salts giving rise to the H-jPOi 
ions, which seem to the most stable of all the radicals mentioned above, both 
in the acid and salt snlulions. 
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The comparatively good iiUeiishy of tlie S86 hue in the various speelva. it 
can be even in dilute solutions, indicates the prcdoininence of ll,l't), ions even in 
very dilute solutions as was observed by Nisi, Venkateswaum and mhevs. Also 
the absence of the qgo line in the spectra of the acid indicates that the 
further dissociation of into Hl’O, and If is very sniaU even in dilute 

solutions of the acid. The Viehaviovw the acid in this respect is (\\utc* siniiUn 
to that of sulphuric acid, and oV)vion-.dy due to similar icasons. 

There is one important difference between sulphuric and phosphoric mads 
in this respect. While even in very concentrated solutions, rangini^ from ahont 
15N, we find lines corresponditiK SO4 ions, lines corrcspoudiiiK to UVi », 01 P( 
are not found in the speclia with these concentrations of the acid. Vcnk:ilcst\ a^ 
ran, who worked with dilute solutions also, reported a weak lini* at alioiit o^so 
corresponding to 11P( ), ions which he attributed to the further dissociation of 
UPOi. Considering the fact that this line is very intense in the correspoiuliiig 
salts, it should be concluded that the number of UPt.b ions in the acid solutions 
is very small. 

The rapid shifting of the line 014 to 8S6 as the concentration is reduced 
from 75% to 15';;,, shows that the dissociation of llie acid is (|nite rapid. Hut 
the conductivity data shows that the degree of dissociation is only 18% even in 
16% acid. Since the caUnlalion of the dissociation made in the latei case 
involves many xmfiilfilled assum]>tions, which are well known, the value given loj 
the degree of dissociation should be taken with some leserve. 'I'he acid is 
fairly strong as far as the removal oi the first hydrogen ion is concerned. 

r> 1 8 vS o c J A T I 0 N ()!' r it (1 s p n A T j«:s 

In solutions of Nail JT).,, the line at iO(So gets shari) and intense on dilution, 
but the line due to HP( ), at oc)() does not a])pear at all, thereby showing that 
the dissociation of into II P( ), and If is very slow even in these concern 

tralions, contrary to the dissociation of HSO4 into S( and H in solutions of 
acid sulphates. 

The .spectrum of Na-jIlPCl, does not change witli oilntioii, and lliere are 
no lines ill this spectrum corresi)oiiding to Po^ ions, thereby showing that the 
dissociation of HP()4 into PO^ is also very slow. 

DTSv^OCT ATI ON 0 1 ' lU C A R lU) N A T Iv S 

Raman spectra of bicarbonates have been studied only by a few^ investigators, 
namely Dickinson and Dillon (1029) and L R. Kao and C. R* Rao (1936). 
Dickinson and Dillon worked with a 26% solution of KHCf.la and re ported a line of 
frequency 1035- I. R, Rao and C, S. Rao referred to liicarlionales also in tlieii 
note on ** lilectrolytic dissociation in strong electrolytes and re[)orted that the 
bicarbonales dissociate completely as far as the alkali radical is coucerned and 
the acid radical dissociates progressively on dilution. A study of dissociation 
of bicarbonates with dilution will be descrilicd in the following. 
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Kantaii spectra of these substances are found to be superposed by an intense 
conlinnous spectrum, wbicli is found difficult to avoid even after laborious 
|)urification of the solutions. Therefore, two filters, a solution of quinine 
stilph le in dilute flCl and of iodine in carbon tetrachloride, are used. Since, 
quinine .siilidiate had to be replaced very often, the usual arrangement 
enij)loying double iacketled Wood’s tube could not be used. Light from a 
mercury arc is condensed by a condenser on to the Woods tube. Fdters 
lontaining in rectangular glass cells arc placed near the Wood’s ttibe Long 

e.\posures of neaily hrs. were reejuired to get tolerably good spectra. Another 
difficulty cxiierienccd in this connection is that though clear solutions are 
prepared, after .some time, they are found to attack the glass container a littli^ 
and becoTiie slightly turbid. Since, this happens only after a long time, it is 
not very serious. Solutions of sodium carbonate (3.()6N) and potassium bicar-’ 
bouate (.,’.35N, i.iSN, o.5gN) are prepared with pure .substances and treated'' 
as usual vvidi carbon and filtered through a sintered glass funnel. The Kaman 
sj)celra are i)lio(ograi)lie(l for times inversely i>roijortional to the concentration. 

RE.Sni, TS AND IH .S t' t) S .S T O N 

()iily a few lines could be recorded with some intensity and llie fie(juencics 
iiiea.sured and are given in table III. 

TAni,ii III 

■ ' - I ■■ * - i 

Sii*)st,'int't‘ Raman IrctjutMu ii s in I'ln 




1061; (si) 1 

- 

Kliro, 

Jlb |0 (.st) 

if)6o ( \ .w] 

1401.* I>t) 

1 . iSN 

JM40 (St) 

Jn6o {\A\) 

l.lOU (si ) 


I') ]u (si) 


1400 (,sl) 


It is quite probaljie that there may ])e many other weak lines of lower fie- 
<iuencies, 1)iil they eonlcl not be recorded. Raman spectra of carbonates both 
in crystals and solutions arc taken by a number of investigators (Kohlraiiscli, 
'I'he crystals give rise to a number of sharp lines, while in solutions 
only one line could be recorded. Its frequeiiLy slightly varies from substance 
to substance also. 

It can l)e seen Irom the 'I'abie III that the 1060 line is common to both 
solutions, carl)onate and bicarbonate and can be taken to be characteristic of 
the CO;', group, bines of frequencies 1040 and i<^oo arc taken to be charac 
terislic of IICO;? ions. Now, for CO2 theic is a Raman line at 1408 (Kohlrausch, 
To^jh). Frojii this it can be concluded that the HCO3 ion has a structure 
C02-OH, where H is attached to O, as in the case of all the other acids. The 
1040 line seems to corresi)ond to the loio line of acetic acid attributed to 
C-t.) bond. 
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The spcctia oi the bicarhonalc solutions show little chunges in tlic iiilcnsiiies 
of the lines with dilution, thereby show iiig that the dissociation in these solutions 
vary very little with dilution, as in the case of phosykhales. Now, carbonic 
acid H2COf^ is known to be very weak and hence in solution of sodium vairbonate, 
hydrolysis can be expected U) take place rcsiiUing in the prudvuiinn of IICO3 
ions. The absence of lines due In in the carlxjnale solution indicates 

that this i)roeess is also very slow. 

PICRCITLOR 1C AC I I) 

Perchloric acid is well known to be a very strmig acid. Investigators 
(Kohlransch, lOAir) in this field found that even a 70% acid gives the same 
Raman lines as the solution of the corresponding salt, unlike in the case of 
nitric acid and otlicr acids which show' two sets of lines atliilmlabie to the 
nndissociated molecules and their ions. This suggests that this aeulisconh 
pletely dissociated in solutions below 'flie present woik is inleiuled to 

test this point. 

Perchloric acid has been siiecessfnlly studied by lojuloyne (1936) ai dilTerent 
concentrations. I'or he observed lines of freiineiieics /] ‘id i ), 

73 <'>( 5 ), 022 ( 0 ), 1025(4), and tioo(o), corres ponding to IICIO^ moleeules and for 
NaCK.)^ at 4^3(1), 620(1), 935(8), and 1 r 10(0), corrcsi)onding to Ch ions. It 
can be seen that these spectra arc (luitc similar to those of IlySO^ and its ions. 
Table IV gives the lines and their intensities in these solutions avS stndiul l)y 
the author. 


Tabi.k IV 


Soluti( 3 ii 



Raman fit'tjtuaK U's in un ' ‘ 


TICIO4 k.N 


4 ,Su(i) 

1 

I 6jf»(i) 

1 

yjo'.s) 

Ti2o(n) 

NnClO,) imN 



1 


ninij) 

ncioj 7 .sn 


I.S.S'l) 

! 6](}(i) 



NaCK)^ 7 5N 



1 


I liofcl 

IICIO^ 5.<.N 


' -I.S 5 (l) 

j ^MO(l) 

930 ( 71 ) 

1 

NaClOi S(*N 



i 

935 ^ 8 ' 

11 10(0) 


The above spectra are taken under identical conditions with times of exposure 
inversely proportional to concentration. From the above table the following 
points can be clearly seen. 

1. At the outset, it appears that the Raman spectra of the acid and the 
salt consist of the same lines, that is those chaiactenstic of only the acid radical, 
and the lines due to undissociated acid molecules could not lie observed in theJ>e 
solutions. 
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2 . 'I'he lines of frequencies 463 and 626 slightly shift to shorter frequencies 
in the spectra of the acid compared to that in the salt, 

3. 'J'lie intensity of the line at 935 characteristic of the ions becomes larger 
with hici easing dilution of the acid, while lliat in the salt solution is the same 
ill all coiuentraliuns. 

.j- For each concciilration, the intensity of this line is larger in the spectrum 
of the salt than in that of the acid. 

n T S C U S S T O N 

'1 he results 2-4 are not to be oxi)ected if the acid is completely dissociated. 
(:;) indicates the presence of the lower frequency components due to the un-| 
dissociated molecules. Imoiu 3 and it is evident that the acid is not cc)njpletely\ 
dissociated in these solutions, as \Nas llioughl by tlie previous investigators. \ 
'The al)sence of the lines due to the uiulissociated molecules simidy means that 
llu‘ S[)eciiic intensity of the lines due to these molecules is very small compared 
to those due to the ions 'I'his view is furthei supporled by the fact, that in 
the case of sul])luiric and nitric acids also, where a (juantitativc investigation 
of the dissociations are reported by the author, it was found that tlie lines 
corresponding to the luidissociated molecules liave less specific intensity than 
those of the ions. 

In conclusion, the author takes great pleasure in recording his grateful 
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